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PEEFACE. 



The Author, in writing this text-book, has endeavoured to 
meet the wants of both elementary and adyanced students, 
and he belieyes that it will be found to contain all the de- 
scriptive geometry which is usually required by engineering 
and architectural draughtsmen. But while making the book 
comprehensive, and illustrating it fully, it has not been made 
of an inconvenient size for use in large classes. 

The treatment of the subject in this work is slightly 
different from that in any existing books. The problems are 
stated in a more comprehensive way, and are made to include 
more cases than is usual with other writers. After the 
statement of the problem follows the general solutiou, which 
is usually given without reference to any particular example. 
Next comes the application of the problem to one or more 
examples. In many cases the student may not fully under- 
stand the general solution of a problem until he has worked 
out the examples which illustrate it. The advantage of this 
mode of treatment is, that it is more systematic, and enables 
the student to get a more intelligent and comprehensive 
grasp of the subject. After working the examples and 
mastering the general solution of a problem, the student is 
better able to cope with any fresh examples which may come 
before him, than if he had learned the subject from examples 
only. 



VI PREFACE. 

The elementary portion of the subject is treated of in 
Part I., and the more advanced portion in Part II. 

A great want which the author has found in existing 
works on descriptive geometry is that of a sufficient number 
of good exercises properly graduated ; he has, therefore, been 
at considerable trouble to collect and devise a large number 
of exercises, and he believes that in no other work of the 

kind will there be found such a good collection. In this 

« 

matter he would record his indebtedness to the examination 
papers published by the Science and Art Department, which 
has done so much to promote the teaching of this and other 
science subjects throughout the country. 

In conclusion, the author would like to impress upon the 
student the necessity of working out all the examples and 
exercises on paper with the drawing instruments, neatly and 
of full size. It is not enough for the student to know how 
a problem is to be solved, he must actually work it out ; 
as very often, from the peculiar position of the points, lines, 
or planes, the result is quite different from what he would 
have expected. 

D. A. L. 

Glasgow : November 1883. 
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CHAPTER I. 

INTRO DUCT I ON. 

Practical Sul'td or Descriptive Geotnetrt/ is that brancii of 

letry whicli treats (1) of the representation of figurea 

■JiKTing three dimenBions — length, breadth, and thickneaa — 

llipon a plane surface, which has only two dimensions, namely 

gth and breadth ; and (2) of methods for determining from 

i repreaentatioQ tbe exact form of the fignre represented. 

Frojeetion. The problems of Descriptive Geometry are 

I "best solved by meana of the method of projections which we 

alall now consider. 

When an object is seen by the eye of an individnal, raya 
of light come from all the visible points of that object, and 
converge towarda a point within the eye. Now STtppose that 
a flat piece of glass is placed between the object and the eye 
of the specttffov, and that each ray of light, in passing through 
t glass from the object to the eye leaves a mai-k on its 
[laurface of the same colonr and tint as the part of the object 
1 which the ray came, a picfcare would be produced on 
e surface of the glass ; and if the object were now removed. 
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2 DESCRIPTIVE GEOMETRY. 

while tlie picture and the eye remain stationary, tbia picture 
would convey to the mind of the spectator the same know- 
ledge of the object as was conveyed by the presence of the 
object itself. Again, if instead of the rays of liffhi from all 
the visible points of the object leaving an impreBsion on the 
glass, only those which came from the edges of the ohjeot 
were to do so, we wonid now have an ontline on the surface 
of the glass which, although it did not convey to tbe mind 
the same impression as the presence of the object itself, 
might still give a good idea of its form. 

The foregoing remarks are illustrated by fig. 1, where 
AB represents an object viewed by an eye at E ; D is a 
plane interposed between E and A B ; the dotted lines repre- 
sent a few of tbe rays of light passing from the object to the 
eye, and A' B' is the ontline obtained from tbe intersections 
of the rays of light with the piano. 

The figure A' B' is called a projeelxon of tbe object AB 
upon the plane C D. 

Projectors. The rays of light or imaginary lines passing 
from the different points of the object to tbe corresponding 
points in the projection are called projectors. 

Ferspeeti-oe Frojeclion. When the projectors converge to a 
point the projection is a radial, conical, or perspective projec- 
tion. 

Parallel Frojectioii. When the point to whicb the pro- 
jectors converge is at an infinite distance from the object the 
projectors become parallel, and the projection is a parallel 
projection. 

Orthographic Projection. If besides being parallel the pro- 
jectors are also perpendicnlor to the plane of projection, the 
projection is a perpenilicular, an orthogonal, or orthoyraphio 
projection. 

Tbe greater part of this treatise will be taken np with 
tbe study of the latter kind of projection, and after this, when 
tbe word 'projection' is used without any qnalification, 
orthographic projection is to be understood. 

The Projection o/a Point upon a plane is the foot of the 
jierpendicnlar let fall from the point on the plane. 
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Tbe Projection of a Line upan a plane is tbe Hue < 
taining the projeotions of all the poititB of tliat line. 

The Projecting Surface of a Una is the surface which con- 
tains the projectors of all the points of that line. 

When the projecting surface is a plane it ia called the 
projecting plane. 

One projection alone of a figure ia not snfBcient for 
determining its exact form. For instance, let the triangle 
^_^ J n6 c be the projection on this nheet of 

J paper of a triangle, which is sitnated, 

aay, somewhere above it. It ia clear 
that the exact form of tho triangle of 
which ahc ia a projection will de- 
pend upon the relative distances of 
its angular points from the paper ; but 
the projection ab c tells he nothing about these distances. 
If, however, we take another projection of the triangle, say, 
on a slieet of paper at right angles to the former one, we 




will show as we proceed that from these two projections the 
(me form of the figure whatever it may bo can be deter- 
mined. 

We have already stated that the problems of DeBcriptive 
Geometry are solved by means of the tnetbod of projections ; 
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but we bave also jast stated tbat two projections, one on eacb 

of two planes at rigbt angles to one another, were required. 

We must now sbow 

Fig. 4. 




n n n 



n n 



a 



h\ 



bow these projections 
can be drawn on one 
sheet of paper. 

Referring to fig. 3, 
a h represents the pro- 
jection of the dovecot 
A B upon the horizon- 
tal plane YM, a' 6' 
represents another pro- 
jection of the cot on 
the vertical plane P X. 
These two projections 
a b, a' h' taken to- 
gether completely de- i 
termine th'e form of 
the dovecot A.B. In 
order to bring these 
two projections into 
the same plane, let the 
plane P X rotate about 
the line XT. until it 
comes into the horizon- 
tal position PiX; the 
two projections will 
now be in the same 
plane PiM, and may be 
drawn as in Gg. 4. 

Co-ordinate Flomes, The horizontal and vertical planes 
upon which figures are projected in orthographic projection 
are called co-ordinate planes. These planes are supposed to 
be of indefinite extent. 

Ground Line, The line of intersection of the co-ordinate 
planes is called the axis or ground line, and is usually denoted 
by the letters X Y. 

Flan and Elevation, The projection on the horizontal 
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6 DESCRIPTIVE GEOMETRY. 

plane is called a plan, and the projection on the vertical plane 
is called a,n elevation. 

Notation. A capital letter denotes a point, a Bmall letter 
its plan, and a small letter with a dash it§ elevation ; tbas p 
denotes the plan, and p' the elevation of the point P, 

If A B is a lino ia apace, its plan wonld be denoted by a b, 
aud its elevation by a' h'. 

In speaking of a point P in space, we may call it simply 
tlie point P, or the point pp'. In like manner in speaking of 
a line A B, we may call it the line a h, o! I'. 

The abbreviations V.P. and H.P. stand foi" vertical plane 
aud horizontal plane respectively. 

In fig. 4 it will be observed that the plan is below and the 
elevation above S T ; this arises from the tact that the object 
is above the horizontal plane and in fi-ont of the vertical plane, 



s shown in fig. 3, but this : 
be projected may occnpy ao 
to the co-ordinate planes. 
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eed not be the case ; the figure to 
position whatever with reference 

POISTS AND LINES. ^^H 

BLEM 1. IH 

( with reference to the eo-ordinaie 
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PROBLEM 1. 



Given the position qf a point with referi 

planet ; to determine its projectioiu. 

First, to find the plan of the point. 

If the point is in frotit of the vertical plane its plan is 
heloiv X Y, and if the point is behind the vortical plane its 
plan is above S Y. 

The distance of the plan from XY is the same as the 
distance of the point from the vertical plane. 

^Second, io find tlie elevation of the point. 

The plan and elevation of a point are in the same straight 
line perpendicular to X Y. 
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The eleTatioD of the point ia above or helow X Y according 
as the point ia above or below the horizontal plane. 

The diatance of the elevation from X T ia the aame aa the 
distance of the point from the horizontal plane. 

The student must verify and carefully study the above 
stotementa by reference to fig. 5, which is a perspective view 




of the co-ordinate planea in their natural poaition, and of four 
points — ABCD, showing how the projections of the latter 
are obtained. Fig. 6 ia the orthographic projection of the 
aame fonr points on the plane of the paper. 

TheanglesPTL, LTM. MTN, and NT P (fig. 5) are 
called the jir$t, seamd, third, and fourth dihedral angle» re- 
spectively. 

BxAMPLB. To find the projeetiont of the following points : — 
A 2" in front of the V.P. and 1^" above the H.P. 
„ 1^" below „ 



C 1|" behind 
E in 



If above 



The plan of A will be 2" below XT, and its elevation 1^" 

above XT. 
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The plan of C will be If" above XT, and its elevation 1|" 

above X Y. 
D „ i" „ „ ,. 2i" 

below X T. 



E 



?XY. 



TJie projections of Ihe points will therefore be a 
n fill. 7. 



lowi^^l 



To determine, fra 
Teferenee to Ih. 



its projections, the position 
co-ordinate planes. 



of a point with 



Thia is tbe converee of Problem 1. ^M 

First, to find the position ofUie point with reference to ihe 
vertical plane. 

If the plan is helovi X T the point is in front of the vertical 
plane, and if the plan is ahove X Y the point is behind the 
Tortioal plane. 

The distance of the point from the vertical plane is the 
same as the distance of its plan from XT. 

Second, to find the position of the point with reference to the 
horixffiitai pla/ne. 

The point ia ahove or helow the horiaontal plane according 
aa tbo elevation ia ahove or helow X T. 

The distance of the point fi-om the horizontal plane is thag 
game as the distance of its elevation from X Y, 
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Example. To determine the positions of the points whose pro^ 
jections are given in fig, 8 ; — 

A is 2^" behind the V.P. and V above the H.P., and 
/. in the second dihedral 
angle. ^a 



Fia. 8. 



B is in the V.P. and :^.. ftd 



in the H.P., and /. in 
the ground line. 






is 1^" in front of the y 1 \i' c 



^ ¥ ^ 

• i ) 

' 1 



V.P. and in the H.R.and 

.", between the first and f |^ i' 

fourth dihedral angles. ^^ 



U 



D is 1^" in front of 



ev€' 



the V.P. and 2 ' above the H.P., and .*. in the first dihedral 
angle. 

E is 2'' in front of the V.P. and 2" below the H.P., and 
.". in the fourth dihedral angle. 

PROBLEM 3. 

Given the distance of a point from one of the co-ordinate planes, 
and its projection on that plane ; to determine its other pro- 
jection. 

The other projection will lie on the line perpendicular to 
X Y and passing through the given projection, fig. 9. 
and its distance above or below X Y will be deter- « of 

mined from the given distance, as in Problem 1. 

Example 1. a' is the elevation of a point which y. 

is V in front of the vertical plane ; to find its plan, }' 

The plan will lie on the line through a' per- ^* 

pendicular to X Y, and, since the point is 1" in front 

of the vertical plane, the plan will be 1'' below ^^^ ^^ 
XY. 

Example 2. h is the plan of a point which is ^" 

above the Iwrizontal 'plane ; to determine the elevation, • , ' 

The elevation will be |" above X Y in the «^" 

line through &, at right angles to X Y. ^ ^ 
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PROBLEM 4. 



1 



Given the pr'ijedions of two points in a straight line on one of 
the co-ordinate planes, and the distances of these points from 
that plane ; to draw the projections of the Utis, 
By Problem 3 the other projections of the points can be 
determined ; then the Hue joining the plana of the points will 
be the required plnn of the line, and that joining the eleva- 
tions of the points will be the required elevation, 

ExAUPLG 1, a, h are the plans of tieo points in a stralgM 
line ; Ail 1^" abovei, and B is \^" ielow, the horizontal plane ; 
to determine the plan and ele- 
vation of the line A B. 

Join ab. ab is the plan 
of the line. 

Since A is 11" above the 
horizontal plane, its elevation 
a' will be 1^" above X Y, and 
in a line through a at right 
angles to XT. 

be li" below X T in tbe line 
Ihrongh b, at right angles to 
X Y. 

The line joining a' b' is the 
elevation of the line, 

. EsiUPLE 2. a', b' are the ele- 

^\ Y vations of two points in a straight 
line ; A is 2" in front of and B 
is ^" behind, the vertical plane ; 
to draw the projections of the 
line A B. 




The plan of A iviil be 
perpendicnlar to X Y. 

The plan of B will be i" above XY 
at right angles to X Y, 



below X Y in a line through a' 
I throngb j 
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Thns, having determined tbe plans of two points in the 
liae, the line joining them will be the required plan, and the 
line joining the given elevations, a' and V, will be the required 
elevation. 

Example 3. ahe is ike plan of a triangle; the lieighti of 
the points ABO above the horixonlai plane are 2", J", and 1" 
respeetieely. To draw the elevation 
of the triangle. ^'«-"- 

The olovationg, a' V c', of A B 
and C can be determined as in 
Problem 3. Joining these, the 
elevation of the triangle is deter- 
mined. 

The inaUnation of a line to a 
plane is the angle between the line Sealt i ~~' — i 

and its projection on that plane. 

The traces of a line are the points in which the line, 
produced, meets the co-ordinate planes. 



PROBLEM 5. 

From the projections of a line to determine (a) its length, (6) its 
inclinationg to the co-ordinate planet, (o) ite traces. 




(o) The length of the line. The projection of a line npon 
a plane will be less than the line itself, nnless the line is 
parallel to the plane ; in the latter case the line and its pro- 
jection will have the same len^h. 
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The ortliographic projection of a line ■ 
than the line itself. 

A line, its projection on one of the co- 
the projectors from its ends to that plane 
ri lateral 



r bo greater 



>rdinate planes, and 
form a plane quad- 




which everything is known 
for constrncting it if the plan 
and elevation of the line are 
given, . One metbod, there- 
fore, of finding the length of 
the line will bo to construct 
thia quadrilateral. 

Thus, let the plan and 
elevation of a line bo given 
as in fig. 15. Referring to 
the perapectivB fignre, it will 
be seen that the line A B, its 
plan a b, and the projectors A b, B 6 form a quadrilateral, 
the base, ah, of which is given. Also A(i=;a'ai, and 
B6^i'i|. Also Ao and Bh are at right angles to ah. 
Hence, to find the length of A B, draw (tig. 15) a A, at right 
angles to ah and equal to a'ai; also draw iB, at right 
angles to n6 and equal to l' b^ : A, B, will be the length 
required. 

Nute. If the extremities of the line A B were on opposite 
aides of the horizontal plane, the perpendicnlarsn A, and ftB, 
would be drawn on opposite sides of the plan a 6. 

(6) The incUnations of the line to the co-onUnaie plan«S. 
Referring to figs. 14 and 15 it is clear that the inclination of 
A B to the horizontal plane is the angle between a b and 
Ai B|, so that the construction for determining the length of a 
line also serves for finding its inchnation. It a b and A| Bj 
do not meet within a convenient distance, the angle between 
them may be fonnd by drawing through a point in one of 
them a line parallel to the other ; then the angle between 
these tw<3 intersecting lines is the angle required. 

The inclination of the line to the vertical plane is fonnd 
by constructing the quadrilateral a' h' B^ A^, where a' A.j and 
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h' Bg are at right angles to a' 6' and equal to aai and h hi 
respectively. 

The inclination of a line to the horizontal plane is usually 
denoted by the Greek letter d (theta) and its inclination to 
the vertical plane by the Greek letter (phi). (Notice that 
6 is the letter o with a horizon- 
tal line drawn through it, while 
is the same letter with a ver- 
tical line drawn through it.) 

The length of the line A B 
and its inclinations to the co- 
ordinate planes may also be X- 



Fig. 16. 




found as follows. 

Through a draw a hi parallel 
to XY. "With centre a and, 
radius a h, describe the arc & &i, 
cutting a hi at ftj. Draw hi 5'j 
perpendicular to X Y, meeting 

a line through 6' parallel to X Y at 5' j. a' h'l will be the 
length of A B, and the angle a' h'l h' will be its inclination to 
the horizontal plane. 

The construction for finding the inclination of the line to 
the vertical plane will be understood from an inspection of 
the figure. 

Comparing this construction with the previous one, it 
will be seen that in both cases a quadrilateral is drawn having 
a base equal to one of the projections of the line, and in the 
first construction the base is made to coincide with that pro- 
jection, while in the second construction the base is made to 
lie on XY. 

(c) The traces of the line. After making the construction 
for finding the true length of the line as in fig. 16, if Aj Bj 
be produced to meet the plan a & at H, then H will be the 
horizontal trace of the line A B. In like manner if A2 B2 be 
produced to meet the elevation a'h' at V, this point will be 
the vertical trace of A B. The correctness of this construc- 
tion is apparent from an inspection of the perspective figure. 

If it is only the traces of the line which are required, then 
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the following construction is simpler than that jnet given. 
Prodnce, if necessary, the elevation to meet X Tat A', through 
7j' draw /i' H perpendicular to XT to meet the plan ab, or the 
plan a b produced at H ; H is the horizontal trace of A B. 
For, since the horizontal trace of a line is the point where the 
line meets the horizontal plane, it is a point in the line, and 
also a point in the horizontal plane, therefore its elevation 
will be in the elevation of the lino and also in XT, while its 
plan wilt be in the plan of the line and in the line through its 



elevation perpendicular to X T ; but tlie plai 
the horizontal plane is the point itself. 






In like manner to find the vertical trace produce the plan, 
if necessary, to meet XT at o, through « draw jj V perpen- 
dicular to X T to meet the elevation, or elevation produced at 
V ; V is the vertical trace of A B. 

This construction fails when the plan and elevation of the 
line are in the same straight line perpendicular to X T, bat 
the other constraction will apply provided the plana and 
elevations of two points in the line are carefully marked as in 
fig. 18 (o). If the plan and elevation are unlettered as in fig. 
18 (6), the trne length, inclinations, or traces of the lineuanuot 
be determined. 

When the projections of a line are perpendicular to X T, 
the line itself is perpendicular fo X T, and its inclinations tj 
the co-ordinate planes are complementary. 
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PROBLEM 6. 

From the ^projections of a plane figure to determine its true form. 

The projection of a plane figure upon a plane will always 
be different from that figure, 
excepting when it is parallel to 
the plane, when the figure and 
its projection will be exactly 
alike. To determine the true 
form of any plane figure it is ne- 
cessary to know the true distances ^ 
of a sufficient number of points in / 
ii from one another: now these j 
distances can be determined from \ 
the projections of the figure by 
Problem 6. 

Example 1. Given the plan 
ah c and the elevation a'h'c' of a triangle; to find its true form. 

Fig. 20. 
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Find the tme lengths of the sides of the triangle by Pi 
blem 5, and then draw a triangle ABC, having its eidea 
equal to these lengths; ABC will be the true form of the 
triangle. The congtrnction is shown in the figure. 

Example 2. Qiven the plan alcde, and the elevi 
a'b'c'd'e' of a plane folygon {fig. 20) ; tojmd iia tniefc 

Join b e, h'e', c e and c'e', determine the tme form of each 

of the triftngles ABE, B C E, and C D E, and place them 

together as shown (fig. 20(i), so as to 

form the polygon ABODE; this is 

the figure required. 

Note that when the figure has 
more than three sides, it is not enough 
to determine the tme Sengths of these 
sides in order to find its tme form ■ 
the true lengths of a number of its 
diagonals must also be foand. 
Note. The traces and inclinations of the sides of the 
figure Clin also be found by Problem 5 ; Evnd it will be found 
that all the horizontal traces will lie in the same straight line ; 
also all the vertical traces will lie in one straight, and the 
former line will either meet the latter line at a point on X Y, 
or they will both be parallel to XT. This will be referred to 
in considering the straight line and plane. 




at JIl^^^ 



PROBLEM 7. 
To marh nff a given length on a given line. 

Let a b a'V be the projections of the line, it is requi 
find the projections of a point C in this line, so that 
shnll be a given length. 

Find the tme length A B of the line by Problem S, make 
A C equal to the required length, tlirough C draw C c per- 
pendicular to o S, through c draw c c' pei-pendicular to X T 
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meseting wh' at c'. c is the plan and c' is the elevation 
required. 

If the plan and elevation of the line are perpendicular to 
XY, find the plan c as before, and make the distance of c' 
from X Y equal to C c. 

The correctness of the construction will be evident in each 
case if it be worked backwards. After finding c and c\ pro- 

FlG. 21. 



Fig. 22. 





ceed to find the true length of A C when it will be found 
equal to the given distance. 



>> 



EXERCISES. 

1. Show the projections of the following points : — 
A ^" in front of the vertical plane and 2" above the hori- 
zontal plane. 
B 2'' „ „ „ „ 2'' below the hori- 

zontal plane, 
in the horizontal 
plane. 
1^'' above the hori- 
zontal plane. 
1^" below the hori- 
zontal plane. 
I. Q. 
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N.B. — Use the same ground line for all the projections, 
and make the perpendiculars from the projections on X Y in 
each case ^'^ apart. 

2. Draw the projections of the following points as in 
Exercise 1. 
A 1" behind the vertical plane and in the horizontal plane. 

" ^^ >> >> » 5> >> J> 

C 1" in front of the ,, ,, 1^" below „ „ 

•^ ^^ j» ?» )j I >> j> j> 

E 2" in front of „ „ „ If" above 



4 «.«-»vrT^^ ,) ,) 



Fig. 23. 



a! i e c' 

^ ^ * 

^'' /" r 



^ — M — ^ — ^ — f / » / y 



.r 



\L' 



e 



3. State the exact positions of the points whose projec- 
tions are given with reference to the co-ordinate planes. 

4. A point 1^" below X Y is the elevation of two points 
A and B. The plan of A is 2" above and the plan of B 2" 
below X Y. Draw the projections of A and B, and state their 
positions with reference to the planes of projection. 

5. A point 2" above XY is the plan of three points 
ABC. A is V above, B is 1^" below, and C is in the 
horizontal plane. Determine the projections of A B and C. 

6. Determine the projections of the points ABODE when 
the plan of A is 1^'' below X Y, and the point A is 2" above 

the horizontal plane. 
B„ ^'' „ „ „ Bis IV' below 

the horizontal plane. 
„ IJ" above „ „ C is If' above 

the horizontal plane. 
The elevation of D is I" below „ „ D is 2" behind 

the vertical plane. 
K„ in „ „ E is 2i" behind 

the vertical plane. 
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7. DetermiDe the plan and elevation of each of the points 
ABODE when 

d is 1^'' above X Y, and the point A is \" in front of the 

vertical plane. 

y „ If below „ „ B „ 2'' in front of the 

vertical plane. 

c' „ in „ „ C „ If" in front of the 

vertical plane. 

d „ „ „ ,, D „ in the horizontal 

plane. 

e „ 1" above „ „ E „ \^' below the hori- 

zontal plane. 

8. A line parallel to X Y and \^' below it is the plan of 
a line ; two points a, 6, in this plan are 2J" apart. A is 2'' 
and B 1" above the horizontal plan. Draw the projections 
of the line. 

9. a h, the plan of a line, makes an angle of 30° with X Y, 
a h being 2;^''. The point B is in the horizontal plane, and the 
point A is in the vertical plane, and 2" above the horizontal 
plane. Show the plan and elevation of the line. 

10. The elevation a'h' of a line is inclined at 45° to X Y, 
a'h' being 2" long, a' is 1'' above X Y ; 6' is also above 
X Y. A is ^" in front and B 2'' behind the vertical plane. 
Draw the plan and elevation of A B. 

11. The plan of a certain triangle is an equilateral one, 
abc of 2" side, one side a h coinciding with X Y. The 
heights of J., B, and above the horizontal plane are 1", IV', 
and 2^'' respectively. Draw the elevation of the triangle. 

12. A regular hexagon a'h'ddJe'f of \" side is the elevation 
of a certain figure which is in front of the vertical plane and 
above the horizontal plane ; dV is parallel to X Y. The dis- 
tances of the points A B C D E F from the vertical plane are 
1", 1", ^\ 0", 2^'', li" respectively. Draw the plan of the 
figure. 

13. A horizontal line 3'/ long is 1^'' above the horizontal 
plane, one end of the line is in the vertical plane and the 
other end 1^" in front of it. Draw the projections of the 
line^ 
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14. A vertical line A B 2" long is 1'' in front of the vertical 
plane, the lower end B being in the horizontal plane. Draw 
its plan and elevation. 

15. Show the real distance between the points whose pro- 
jections are given in fig. 24. 

16. The plan a & of a line is 3'' long, A is 1" and B is 2^" 
above the horizontal plane. What is the true length of A B 
and its inclination to the horizontal plane ? 

17. a' and c' (fig. 25) are the elevations of two points in 
the vertical plane ; h is the plan of a point in the horizontal 



Fig. 24. Fig. 25. 
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plane. Determine the real distance between A and B, B and 
C, C and A. 

18. One end of a rope is fastened to the top of a vertical 
pole 24' high ; the other end is fixed to the ground at a point 
30' from the pole. Determine the length of the rope. Scale 
r' = 10'. 

19. One end of a line is *75'' below the horizontal plane, 
the other being 1*5" above it. The length of its plan is 3", 
and it makes 30° with X Y. Show the projections of the line 
and determine its true length and inclination. 

20. The plan of a line is 2" long, and its elevation is 3'' ; 
the projectors of its extremities are 1" apart measured along 
X Y. "What is its true length and inclination to each of the 
co-ordinate planes ? 

21. Define the ' traces of a line.' When will a line (a) 
have no traces, (b) a horizontal trace only, (c) a vertical trace 
only, (d) both a horizontal and vertical trace ? 

22. Assume the projections of a line parallel to neithei 
plane of projection. Determine the traces of the line, and 
the real distance apart of those traces. 
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23. What is the true length of a line if its plan measures 
2-5'', and if it is inclined at 25° ? 

24. A point P is 1*3" above the horizontal plane, and 1'' 
in front of the vertical plane; another point Q is '7k>" below 
the horizontal plane, and 2*25'' behind the vertical plane. The 
distance between the projectors measured along XY is 2". 
Determine the true length and inclination of the line P Q, and 
also its traces. 

25. a hy the plan of a line, is 2" long. The height of A is 
1*4'', and of B 2". Determine and write down the height of 
the middle point of A B. 

26. The tops of two vertical poles are 45' apart ; the poles 
are 30' apart, and the height of one pole is 12 feet. Determine 
the height of the other pole. Scale 1'' = 10'. 

27. Three lines, a o^h o^ c o, meeting at o, form the plan 
of three sticks whose lower ends, ABC, rest on the ground, 
and whose upper ends meet at O. The height of O is 11'. 
Determine the lengths of the three sticks. Scale ^" = 1'. 
{aoh = 125°, 6 c = 115°, ao^ 1-2", & o == 1*8", c o = 1-2"). 

28. The plan of a line 3" long is 1*5" in length. At what 
angle is the line inclined ? 

29. Three points form in plan the corners of an equilateral 
triangle of 2^" side, and are at heights of 1", 1^" and 2" above 
the ground. Determine the true form of 
the triangle of which this is the plan. 

30. A triangle ah c (a & = 2", 
6 c = 2^", c a = 2|") is the plan of one. 
The height of A is 1", of B 2", and of 
C 2^". Taking a h for the ground line, 
draw the elevation and determine the X — 
true form of the triangle. 

31. A regular hexagon ahcdef of 
1" side is the plan of a plane figure. 
The lieight of A is 1", of B 1", of C 
1^'^ of D 2", of E 2", and of F 1^". 
Determine the true form of the figure A B C D E F. 

32. The equilateral triangles a he, a'Vd of 2" side are the 
plan and elevation respectively of a triangle ; h c and &'c' are 



Fig. 26. 
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jierpendiciilar to XT, and c and 6' are each ^" fi 
Determine the true form of the trinngle ABO, and tbe traces 
of its Bidea. 

33. Draw a sqnare a'b'c'd' of 2" aide, d'c' being on X Y. 
The sides a'b', h'c' , and tlie diagonal a'c' aru the elevations of 
the aides of a triangle ABC. The points A B and C are at 
distances of 1", 1^" and 2" reapectiveiy in front of the vertical 
plane. Show tbe true form of the triangle ABC. 

34. Drawing tbe square as in Exercise 3!i, detorraine the 
true form of the triangle ABC when a'b'c' is also the plan of 
that triangle. 

35. Taking the figure to Exercise 15, show tbe projections 
of a point aitnated in tbe line joining A and B,and 1" from A, 



CHAPTER III. 



BIUPLE SOLIDS UT SIMPLE POSITIONS. 



I 



Frnjectioii of Solid*. It has already been stated (Introd action) 
that the object of Descriptive Geometry is to convey to the 
niiad an impression of the exact form and size of objects, which 
have length, breadth, and thickness, bymeansof representations 
on a surface, which has length and breadth only, 

Now a solid laaj be conceived as maije up of an immense 
number of small particles or material points, the relative 
positions of which may be represented by their projections 
on two planes, as explained in the preceding chapters ; but, 
aw in looking at a solid it is generally only those points on its 
externa! surface which are seen, all our impreHsiona of the 
form and size of objects are derived from tbe form and extent 
of their surfaces. It is therefore unnecessary in representing 
anobject on paper to give the projections of points in its interior 
— that is, it is only necessary to represent the surface of tba 

Again, the form and extent of a surface is generally koj 



SIMPLE SOLIDS IN SIMPLE POSITIONS. 



23 



when we know the forms, lengths, and relative positions of 
a sufficient number of lines on that surface. But we have 
seen that by the method of projections the forms, lengths, and 
relative positions of lines may be represented on a single fiat 
surface. Hence, to represent a solid on paper we need to show 
the projections of a sufficient number of lines on its surface. 

When the solid has plane faces, the projections of the 
boundary lines of those faces are all that is necessary in order 
to represent them. 

DEFINITION OF SOLIDS. 

A polyhedron is a solid bounded entirely by planes. 

The edges of a polyhedron are the lines of intersection of 
its bounding planes. 

The sides or faces of a polyhedron are the plane figures 
formed by its edges. 

A polyhedron is said to be regular when its faces are equal 
and regular polygons, and each adjacent pair include the same 
angle. 

There are only five regular polyhedra — viz. the tetrahedron, 
the cube, the octahedron, the dodecahedron, and the icosahedron. 

Fia. 27. 




* 




The tetrahedron. 



The cube. 



The octahedron. 



The tetrahedron has four faces, all equilateral triangles. 
The cube has six faces, all squares. 
The octahedron has eight faces, all equilateral triangles. 
The dodecahedron has twelve faces, all pentagons. 
The icosahedron has twenty faces, all equilateral triangles. 
Models of these five solids can readily be made out of card- 
board or stiff* paper in the following manner : Draw figs. 29 
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to 33 on the pieces of cardboard or paper to any ennveniel 
size, and cat them out alocg^ by their boundary lines, and pierce 




The shident would do well to mate 
for himself. 

Casts from the above paper models can easily be got by 
filling them with ' plaster of Paris ' and then removing the 
paper when the plaster has solidified. 

Figs. 29 to 33 are called the developwenia of the sw 
of these solids. 
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Apriem is a polyhedron baving two of ita feces, called its 
enrfs or haaes, parallel, and the reat parallelograms. 

Those faces of a prism which are paralleiograms are gener- 
ally called ita eidee. 




A parallelepiped is a prism whose bases are parallelograms. 

A pyramid is ft polyhedron having a polygon for its base, 
and for its sidea it has triangles which have a commoD vertex, 
and the sides of the polygon for their bases. 




The common vertex of the triangles is called the vertex, or 
apex, of the pyramid. 

The axii of a priam is the straight line joining the centres 
of its ends ; and the axis of a pyramid is the straight line from 
its vertex to the centre of ita base. 

A right priem is one having its axis at right angles to its 
ends. 

An oblique pritm is one having its axis inclined to its ends. 
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A right pyramid has its asiB perpendicular to tbe plafie D 
its liase. 

An ohlig}ie pyramid has its acia inclined to tbe plane of its 

The alHhide of a, priara ia the perpendicnlar distance be- 
tween tbe planes of its ends; and the altitude of a pyramid is 
tho perpendicular distance of its vertex from the plane of its 

Prisms and pyramids are named from tbe form of their 
bases — as triangular, square, pentagonal, bexagonal, &a. 

A eyJinder resembles a prism. If the sides of the bases of 
a prism be continnally diminisbed in length and increased in 
number, the ultimate form of the bouudai-y lines of the bases 
wiil be curved lines, and the ultimate form of the prism will 
be a cylinder, 

A rigid cylinder has its axis at right angles to its ends. 

A right cireular cylinder baa its axis at right angles to its 
ends, which are equal circles. 

A right circular cylinder may also be defined as a. solid 
described by tbe rcTolntion of a rectangle about one of its 
sides, which remains fixed. 

The fixed line abont which the rectangle revolves is tbe 
axis, and the circles described by the opposite revolving sides 
are the hnseii, or ends. 




Bfghl; clnmlai cylinder. 



A cone resembles a pyramid. If the sides of the base of a 
pyramid be continually diminished in length and increased in 
number, tbe ultimate form of the boundary line of tbe base 
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will be a curved line and the ultimate form of the pyramid 
will be a cone, 

A right circular cone has its axis at right angles to its 
base, which is a circle. 

Aright circular cone may also be defined as a solid, de- 
scribed by the revolution of a right angled triangle about one 
of the sides containing the right angle, which side remains 
fixed. 

The fixed line about which the triangle revolves is the 
axis, and the circle described by the other side containing the 
right angle is the base. 

A sjphere is a solid every point on the surface of which is 
at the same distance from a point within it, called its centre. 

A sphere may also be defined as a solid described by the 
revolution of a semicircle about its diameter, which remains 
fixed. 

The centre of the semicircle is the centre of the sphere. 

PROBLEM 8. 

To draw the projections of a prism when one end is parallel to 
one of the co-ordinate planes, and one side of that end or an 
adjacent face is inclined at a given angle to the other plane, 
or to the ground line. 

Since the ends of the prism are parallel to one of the co- 
ordinate planes, their projections on that plane will show their 
true form, and as the form of the ends is supposed to be 
given, this projection is therefore drawn first, being so 
placed with respect to the ground line as to fulfil the second 
condition of the problem. 

Example 1. To draw the projections of a square prism 
hose, \^" side, altitude 2^", when one end is on the JBT.P. and 
one side of that end is inclined at 30° to the V.P, 

First draw the plan, which will be a square of 1^'' side, 
having one side inclined at 30° to the ground line. From 
the plan the elevation is got by drawing perpendiculars to 
X Y from the corners of the square, as shown. The height 
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of t!i6 elevation is eqnal to the altitude of the priBra, nam^^* 
2-1". 

It will be noticed that in the elevntion one of the edges is 
dotted becauae that edge ia behind the solid and therefore hid 
by it. Great care must be taken by the student to make 
of the nWation dotted -which wonld be hid by the 
n viewed from the front, and those lines of the plan 
d whioh would be hid by the object when viewed from 



those lir 
object n 
dotted Y 
above. 
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Example 2. To draw the plan and elevatioa of a, jientagmial 
prism when it lies leith one side on the H.P. and ilt sndt 
parallel to the V.I'. ; tide of pentagon 1", length of prism 2". 

First draw the elevation, which will be a pentagon of 1" 
aide, having one side on XY. 

The plan is got from the elevation in the same way as the 
elevntion was got from the plan in Example 1. 

ExAMF'LE 3. The hases of an ohlique pritm are Jifxagont 
of 1" side. The perpendicular from the centre of one end on (o 
the plane of the other passes thro^u/h one of the angular points 
of the latter. Otie end of the prism is in the H.P., and the plan 
of ila axis makes 10° with the ground line. Draw plan aad 
elevation; altitude of prism 2", 
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The plan of the ends ■will be two beiagoDB of 1" side, 
with the sides of the one respectively parallel to the aides 
of the other. The line 
joining the eentres of 
the hexagons will be 
the plan of the azia 
which will be parallel 
to one side of each ; 
hence the hesagona will 
)iave one aide inclined 
at 10' to XT. 

The elevations of the 
ends will be otraight 
lines, 2" apart, one be- 
ing in X ^ ; and the 
elevations of the corners 
will be where the per- 
pend ion I ars from the 
plan cut these two lines, 
as shown in fig. 38. 




PROBLEM 9. 

To draw the projections of a pyramid wlimi iU base ie parallel 
to one of Ike co-ordinate planes, and one side of the base m 
inclined at a given angle to the other plane or to the ground 

The projection of the pyramid on the plane to which the 
base is parallel is drawn firat, and will be a polygon equal to 
the base with lines drawn from the projection of the vertex to 
the angular points of the polygon. 

Example 1. A right pyramid has a pentagon of 1" aide for 
its base, and has an altitude of 2". The base is in the S.P., and 
one side of it makes 60° teith X Y. Draioplan and elevation. 

Begin with the plan. Draw a pentagon of 1" side, having 
one side inclined at 60° to X Y, Join the centre of this pen- 
tagon with ita angnlar points and the plan will be complete. 
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Since the base is in the horizontal plane the elevations of 
all its corners will be in X T, and the elevation of the vertei 
will bo 2" above it in the line through the centre of the pen- 
tagon perpendicular to X T. 





ExiMPLB 2. An oblique Qctagmial pyramid lias itihaaah 
7.P. A pei-pendicular from the apex to the hasn pastes ikroftgh 
one of the angular points of the octagon. The axis is hontontal: 
niile of octagon 1", altitude of pyramid 2". ItTaw plan atii 
ekvation. 

First draw the elevation, the outline of which will be an 
oclagon of 1" side A line from the centre of this octagon to 
one of ita angular points will be the elevation of the asis which 
is to be horizontal, therefore one diameter of the octagon 
must bo parallel to the ground line. 

One extremity of the horizontal diameter will be the 
elevation of the vertex; hence, to complete the elevation, 
join this point with aU the other angular points of the 
octagon. 

The plan of the base will be in XT since the base is in 
the V.P., and the plan of the vertex will be 2" below it in 
line throngh ita elevation perpendicolar to XY. 
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PROBLEM 10. 

To determine the altitude of a tetrahedron. 

Referring back to the definition of a tetrahedron and to 
fig. 27, it will be seen that it is a right pyramid on a triangular 
base. Its projections may therefore be drawn by Problem 9 
if its base and altitude are known. 

As will readily be understood from the definition of a 
tetrahedron, its altitude will depend upon the length of edge, 
and for every size of base there will be one and 
only one altitude. 

Fig. 41 shows the plan of a tetrahedron 
when standing with one face on the horizontal 
plane, and it is required to find the height of 

the point V. av is the plan of one of the ^ ^^ 

sloping edges, and, since all the faces are equi- 
lateral triangles, the true length of the edge of which a v is 
the plan will be equal to a &. It is therefore clear that if, 
with a as centre and a & as radius, an arc be drawn to cut 
V v', which is perpendicular to av at v\ v v' will be the re- 
quired altitude. 

PROBLEM 11. 

To draw the projections of an octahedron when one axis is joer- 
pendicular to one of the co-ordinate planes, and an edge 
not meeting that axis is inclined at a given angle to the 
other plane. 

The lines joining the opposite angular points of the 
octahedron are its axes. There are three of these lines all 
equal in length, and bisecting one another at right angles at 
the centre of the solid. 

It will be found on examination that the octahedron 
consists of two square pyramids placed base to base, the 
triangular faces being equilateral triangles. Two of the 
axes of the octahedron are the diagonals of the square which 
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L base of the two fore mentioned pjraniidB, 
while the third axis ia tlio line joining their vertices. 

The projection of the octahedron on the plane to which 



s perpendicular 



drawn first, and will be a square, 
th its diagonals one side making 
the given angle with the ground 
line. The method of finding the 
other projection will beat be ander- 
fitood by considering the following 
example. 

Example. The edge of the octa- 
hedron is 1^", o»ie axis is vertical, 
atid atieof the lutrizordai edges tadket 
20° with the V.P. To draw plan 
and ehi-atioii. 

First di-aw the plan, which will 
be a square of 1^" side, one side 
being inclined at 20° to X Y. 
Find the elevations u,' v^' of the extreinities of the ver- 
tical axis. Ui' t:/ will be equal to u o or b d, and will be in 
the line through v perpendicnlar to S Y. Bisect v,' v^' hjf 
the horizontal line a,' c'. Through aba and d draw perpeu- 
dicolars to meet a' e' at a' b' d d' ; complete the elevatioajj 
joining each of the latter points with i'/ and Vj'. 




PROBLEM 12. 

To draw the pTirjecUojig of a right circular cylinder u>/re»fl 
axis is at right angles to one, or parallel to both, of tha S 
ordinate planes. 

When the axis is perpendicnlar to one of the co-c 
planes, the projection on that plane will be a circle eqnal 
that of the ends of the cylinder. The projection, on the 
other plane will be a rectangle, one side being pai'allel to the 
ground line and equal to the diameter of the circle, whil«iy 
other will be equal in length to the nsis of the cylinder. 



SIMPLE SOLIDS IN SIMPLE POSITIONS. 33 

When the axis is parallel to both planes of projection, 
each projection will be a rectangle equal to the one just de- 
scribed, but that side which is equal to the diameter of the 
cylinder will be perpendicular to the ground line. 

PROBLEM 13. 

To draw the projections of a right circular cone when its axis 
is at right angles to one, or parallel to both, of the co-ordi- 
nate planes. 

When the axis is perpendicular to one of the co-ordinate 
planes, the projection on that plane will be a circle equal to 
that of the base of the cone. The projection on the other 
plane will be an isosceles triangle, its base being parallel to 
the ground line and equal to the diameter of the base of the 
cone, and having an altitude equal to that of the cone. 

When the axis is parallel to both planes of projection, 
each projection will be a triangle equal to the one just de- 
scribed, but the base will be perpendicular to the ground line. 

PROBLEM 14. 

To draw the projections of a spliere. 

All projections of a sphere are circles, having a diameter 
equal to that of the sphere. 

The plan and elevation will have their centres in the 
same straight Hue perpendicular to the ground line. 

EXERCISES. 

1. Draw the projections of a cube of 1^'' edge when in 
each of the following positions : — 

(a) One face in the H.P. and an adjacent face in the V.P. 

(6) One face in the V.P. and an adjacent face inclined at 
35° to the H.P., the lower edge of the latter face being in 
the H.P. 

(c) When the edge nearest to the V.P. is vertical and i" 
in front of the V.P., the lower end of that edge being ^" 
above the H.P., and a face containing it inclined at 20"^ to 
the V.P. 

I. \i 
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2. The ends of a right prism are regular hexagons of T 
side, ami the prism is 2" long. Draw its plan and elevation 
in each of the following positions : — 

(a) When one end is in the H.P. and one aide parallel to 
the "V .P., and "2," in iront of it. 

(6) When one end is in the V.P., the lowest edge -5" 
above the H.P., and a side containing that edge inclined at 
30° to the H.P. 

(c) When situated as in (&), excepting that the Bide is 
inclined at i!^° instead of 30". 

3. Draw the plan of a right heptagonal prism (base 1'' 
side, axis 2" long) when lying with one side in the H.P. 

4. An obliqne prism, whose bases ai-e aqnares of 1" side, 
stands with one of them in the H.P. The sqaare, ■which is 
the plan of the npper end, haa one angular point coinciding 
with the centre of the square, which is the plan of the other 
end. The altitude of the prism is IJ". Draw a plan and 
elevation of the prism when in each of the following poai* 

(d) One diagonal of the base perpendicnlar to X T. 

(Ji) The other diagonal of the base perpendicnlar to XT. 
(c) One side of the base perpendicular to X T. 

5. A right pyramid has a sqnare of 1'5" side for its base, 
end an altitude of 2". Draw its plan and elevation when its 
base is in the H.P., and one side of that hase is inclined at 
30° to X Y. 

6. An octagon of 1" side ia the base of a right pyramid, 
whose axis is 2''1'V' long. Draw its plan when the base is in the 
V.P,, and the lowest corner of the base is -25" below the next. 

7. Draw the plan and elevation of a tetrahedron of I'b" 
edge when one face is in the H.P. and an edge is inclined at 
20° to the V.P. 

8. Draw the projections of an octahedron of 1'5" edge 
when one axis is vertical and one edge inclined at 40" to 
the V.P. 

9. The base of a pyramid standing on the H.P. ia a 
rhombus of 2" side, with an acute angle of 60°. The vertex 

is verticaUf over the midd\e point ot oTi« ol. ^J\l« &\dea of ths 
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base, and 2*5" distant from it. Draw plan and elevation 
when a side of the base adjacent to that under the vertex is 
parallel to X Y. Also determine the true length of each of 
the sloping edges. 

10. Show the projections of a right circular cylinder 1*5'' 
diameter and 2'' long when in each of the following posi- 
tions : — 

(a) Axis vertical. 

(6) Axis at right angles to the V.P. 

(c) Axis parallel to both planes of projection and 1'' 
distant from each. 

11. Draw plan and elevation of a right circular cone, base 
2" diameter, axis 2" long, (a) when the base is in the V.P. ; 
(6) when the axis is vertical. 

12. Draw the projections of a sphere 2'' diameter (a) when 
its centre is 1*5" above the H.P. and 1*25'' in front of the 
V.P. ; (6) when its centre is in the ground line. 

13. The cylindrical part of a bolt is 1" diameter and 2" 
long, and the head is a hexagonal prism (base 1" side, axis V 
long). The axes of prism and cylinder are in the same 
straight line. Draw a plan and elevation when the bolt 
stands on its head, and has one side of that head parallel to 
the V.P. 

14. A hexagonal prism (side of base 1", height 1"), having 
its base in the H.P., and one side inclined at 10° to the V.P., 
is surmounted by a tetrahedron having the comers of its 
base at three of the angular points of the prism, one corner 
coinciding with that corner of the prism which is nearest to 
the V.P. Draw plan and elevation. 

16. A rectangular slab, 2^" x 1^^' X J", rests with one of 
its large faces on the H.P. Four square prisms, ^'' x ^" x 1'', 
stand on the upper face of this slab, having one angle of each 
base coinciding with an angle of that face. On the top of 
these prisms rests a right pyramid having a base equal to 
the large faces of the slab, which base is vertically over the 
slab, and having an altitude of 1". Draw a plan and elevation 
of the whole when the long sides of the slab ax^ \TLe)C\Tife^ ^>^ 
25^ to ^e V.R 
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CHAPTER IV. 

CHAK'GIKG THE FLAXES OF FROJECTIOK. 

ATixHiary Projeetioiis. It has been already stated that one 
plan and elevation of an object determines its trae form, bat 
tbere are cases where this is not qnite true, and many others 
where additional projections M'ould t«nd very mncb to give 
a clearer understanding of the object. Thus, in fig, +3, we 
Pijj jj have a plan (ti) and elevatiou 

(a') of a rectangular bloct 
having recesses in alt its faces. 
It is clear Irom the ^ven plan 
and elevation that the reooBBeii 
1 the top, bottom, &ont, and 
back are cylindncal, but those 
in the otfaer two faces might be 
either square or circular in th«r 
cross section. To settle the 
form of the end holes we wonid require an end view (a',) — 
I, a projection on a plane parallel to the ends. TOoa 
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that is 

second vertical plane will intersect the horizontal plane id ■ ' 

straight line, which will be another gronnd line. 

The end elevation is projected from the plan in the same 
way as the front elevation. 



PROBLEM 15. 

Apian ai,d devaUtm of a point being given, to find anntJier eleva. 

tionfroiH them. 

The angle between two vertical planes is the same as Oib 
angle between their gronnd lines. The groand lines, tbert- 
fore, fix the position of the vertical planes. 

Let a a' be the projections of a point A, and X, T, the 
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Fig. 44. 



a" 



ground line of a second vertical plane. The projection of the 
point A on the second vertical plane will be in a straight 
line through a at right angles to 
Xi Yj ; and since the elevation of a 
point gives its distance from the hori- 
zontal plane, the new elevation a'l will 
be at a distance from Xj Yi equal to 
the distance of a' from X Y. 

If the first elevation is below the 
first ground line, the second elevation 
will be at the same distance below the 
second ground Hue. 



a^ 




a! 



PROBLEM 16. 

A plan cmd elevation of a line being given^ to find another eleva- 
tionfrom them. 

Let a 6, a' h' be the plan and elevation of a line, A B, and 
Xi Yj the ground line of the new vertical plane. Find the 




new elevations a'j, h\ of the points A and B by the preceding 
problem ; the line a\ h'l will be the elevation required. 



PROBLEM 17. 

Given the projections of a pointy to determine its distance from 
the ground line. 

The distance of a point from the ground line is the length 
of the perpendicular from the point on to the ground line. 
As in general this perpendicular will be inclined to both 
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co-ordinate planes, neither its plan nor elevation will Bbow its 
true length ; bat by making an end view of the co-ordinato 
planes and the perpendicular, the latter will be projected on a 
plane parallel to it, and will therefore have its true length 
shown. 

Example, a a' (fig. 46) are tJie projections of a point A; 
to fitid the distance of A from X Y, 

Draw Xi Yj at right angles to X Y. Draw Y.P. in the 
same straight line as X Y. Xj Yj and Y.P. are the end eleva^ 
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tions of the horizontal and vertical planes respectively, and 
the point o' is the end elevation of X Y. Determine a\, the end 
elevation of A, as in Problem 15. a\ o' is the distance required. 
Very often the end elevation is drawn as shown in fig. 47, 
which is just that of fig. 46, turned through 90°. 



PROBLEM 18. 

To determine the projections of a point having given its distance 
from one of the co-ordinate planes and its distance from the 
ground line. 

First make an end view of the co-ordinate planes, then, 
referring to fig. 47, the point a\ has to be found from the 
condition that it is at a given distance from Xj Yj or Y.P., 
and also at a given distance from o'. Having found a\, the 
construction for finding a and a' is evident, being just the 
construction of Problem 17 worked backwards. 



Fig. 48. 
V 
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ExA-MPLE. A point, P, which is helcw the horizontal plane, is 
2" in front of the vertical plane and 2^'^ from the ground line; 
show its plan and elevation. 

Two lines, H.P. and V.P., at right angles to one another 
will be the end view of the co-ordinate planes. As the point 
is 2" in front of the verti- 
cal plane, its end eleva- 
tion will be 2'' from the 

line V.P. ; draw therefore x : ^Y H 

a line parallel to V. P., at ! 

a distance of 2'' this line I 

will contain the end ele- yj?; _.. 

vation. Since the point ^^; 

is 2^" from the ground 

line, its end elevation will 

lie on a circle of 2^" radius, having for its centre. The 

point I?' I, where the circle cuts the parallel line (below H.P.), 

is the end elevation of the point P. From this the plan p 

and elevation p' are found by the construction shown in the 

figure. 

PROBLEM 19. 

A plan and elevation of a plane figure being given, to draw 
another elevation from them. 

This problem is just the application of Problems 15 and 16. 

Example 1. The squares ac, a'd {fig. 49), of \^" side, are 
the plan and elevation respectively of a rectangle; to draw 
another elevation, the new ground line making an angle of 53° 
with the first. 

Find the new elevations of the points ABC and D by 
Problem 15, and join them as shown in fig. 49. 

Example 2. A circle \\" in diameter has its plane vertical ; 
to show an elevation on a vertical plane inclined at 60° to the 
plane of the circle. 

First draw an elevation on a plane parallel to the plane of 
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the circle; this elevation Tvill be a circle of 1^" diameter. 
Tbe plan will be a straight line parallel to XT. Now draw 
a new ground line, X, T„ inclined at CO" to X T. Take a 
nient number of points 1 2 3 . , . on the circatnferenee 




of the circle, and find their elevations 0', 1', 2', 3', . . . on the 
plane of whicli X, Y, ia the gronnd line by Problem 15, join 
these points by a ' fair cnrve,' and the elevation required la 
complete. 

Note. The projection of a circle ia an eqnal circle, an 
ellipse, or a straight line according as the plane of the circle 
is parallel, inclined, or perpendicular to the plane of projec- 
tion. When the projection ia an ellipse the major bkib is 
eqnal to the diameter of the circle. 

In fig. 50, 0', 6'i is the minor axis, and 3'i 9', is the major 

After finding the axea of the ellipse, the curve may be put 
in by any of the methods for drawing ellipses. 



From one plan and 

elevation. 

This problem, like the last, is just a 
blems 15 and 10. 



PROBLEM 20. 

ne elevation of a solid to draw anoihef 



application of Pro- 



ExjkJiFLG 1, A tqjtare prism, tide, of lase 1", axis 1|", ia$ 
le long eJge in the liorixoiiial plane, and a face containing tf^^ 
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edge inclined at 30° ; to draw its plan and an elevation nn a 
vertical plane inclined at 70° to the ends of the prism. 

First draw tbe elevation (a') and plan (a) by Problem 8. 

Draw the new ground line to make 70° with the plans of 




the ends. The constrnction for finding the new elevation 
(a'l) will be easily nnderatood from the figura 

Example 2. A cylinder, 1^" diameter, and IJ" Jong, hat 
its axie horizontal ; to draw an elevation on a plane inclined at 
65° to the ends. 




First draw the elevation (6 ) and plan (I). Draw the 
ground line inclined at €5° to the first gronod line. 
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Determine the ellipses which are the now elevatioDB of the 
ends in the same way ae in Example 2, Problem 19. Parallel 
tangents to these ellipses complete the required elevation , 

Example 3. A cone, hate \\" diameter, axit 1\" long, hat 
iti axis horizontal ; to draw an elevoti-on on a plane incHned at 
60° to the bate. 

Fh-st draw the elevation (e') and plan (c). Draw X, Y, 
indined at 60° to X Y. Next determine the ellipse which is 




the new elevation of the baae as in Exercise 2, Problem 19. 
Tangents throngh v'l, the new elevation of the apex, to the 
ellipse complete the required elevation. 



PROBLEM 21. 

To draw the plan of a solid when a given line 
First draw a pli 



vertical. 
if tbe solid in a simple 



1 and elevation < 
position 60 that the given line is parallel to the vertical plane, 
that is, HO that the plan of this line is parallel to tbe gronnd 
line. Make the new ground line perpendicnlar to the eleva- 
tion of the given line, and project the new plan from the 
elevation in a manner similar to that for projecting new 
elerutioas, bb in the preceding ^ToV.ettift o^thia chapter. 



CHANGING THE PLANES OF PHOJECTION. 4d 

ExiMPLE 1. To drate the plan of a pentagonal pyramid 
when one edge passing through the vertex ts vertical. Side of 
base 1", altitude l^". p,g_ ^^ 

Draw first a plan aad 
elevatioD of the pyramid 
when standing with its base 
on the horizonlal plane, the 
plan va of a sloping edge 
heing parallel to X T. 

Draw X,T| perpendicu- 
lar to v'a'. Through a'b'c'd'e' 
and u' draw perpendiculars to 
XiTi, and mark off on these 
from X,Y, lengths eqnal to 
the distances of abode and 
V from X Y respectively. 
This determines the points 
ai2i|C|(£|e|V] ; joiaing these as 
ehown we get the required 
plan. 

Example 2. To draw the plan of a cube when one of its 
diagonals is vertical. Edge of cube 1". 

Commence by drawing a plan and elevation of the cuhe 
when one face is on the horizontal plane. As the diagonal of 
the square which ia the p,^^ ^ 

plan of the cnbe when 
in this position is the 
plan of the diagonal of 
the solid, the plan will 
have a diagonal parallel 
to the ground line. 
Make the new ground 
line perpendicular to the 
elevation of the diago- 
nal, and deduce the re- 
quired plan as in the preceding example. The outline of this 
plan onght to be a regular hezngon. 
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Ni'te. Tbe pUn of a solid may be drawn wliea a given 
line in it is inclined at any given angle to the horizontal plane 
by proceeding in the manner jaat explained, bnt makiog the 
new ground line inclined at the given angle to the elevation 
of the given line instead of perpendicnlar. But aa the solid 
in this case can occupy any number of positions with referenoe 
to the horizontal plane and still fulfil the given condition, the 
problem ia indefinite. In the case where the given line is 
vertical, however, the plan ia always the Bame. These remarks 
will be understood i£ the student imt^ines the solid to turn 
round the given line aa an axis. 



PROBLEM 22. 

To draw the plan of a solid ichen one face is inclined at a given 

angle, the base of that face being horizontal. 

Commence by drawing & plan and elevation of the solid in 

such a position that the elevation of the given face is a straight 

P^ ^^ line, and the plan of its 

base is perpendicnlar to 

the ground line. Bert 

draw a new ground line 

inclined to the elevation 

of the given face at the 

■Y given angle, and dedoce 

the required plan as in 

Problem 21. 

Example. To draw 
the plan of a hexagonal 
pyratnid, base \\'', alti- 
tude 2^'', token one of it* 
triangular faces is inclined at CO", the baae of tliat face being 
horizontal. 

First draw a plan and elevation of the pyramid when its 
base is on the horizontal plane, one side of the base being per^ 
pendicnlar to the ground line. In thia position one of ^^m 
trinDgnlar faces will have for its elevation a straight line. ^^| 
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Draw X|Y| inclined at 60° to v'a', and find the new pliin 
n Problem 21. 

Note. The student shonld remember the following laws 
Tcbich are applied in solving the problems of this chapter : — 

(1) The plan and elevation of a point are, in the same 
straight line, perpendicnlar to the ground line. 

(2) When a number of elevations are projected from the 
fame plan, the distances of all the elevations of any point from 
their corresponding ground lines are the 8am.e. 

(3) Wlien a nnmber of plana are projected from the same 
elevation, the distances of all the plans of any point from their 
corresponding gronnd lines are the same. 



EXERCISES. 

1. Draw an elevation of the points given in Exercise 3, 
Chapter II., on a gronnd line passing tbrougb a and e'. 

N.B. Id fig. 23 the perpendiculars from the projectiona on 
X Y are ^" apart. 

2. Determine the elevation of the line given in Exercise 8, 
Chapter II., on a ground line perpendicular to X T, and passing 
through h. 

3. Determine the distance from the ground line of each of 
e points given io Exercise 1, Chapter II. 

4. Deterniine the distance of each of the following points 
1 the ground line ; — 

A. is 1^" behind the V.P., and IJ" below the H.P. 
B is 1" in front of the V.P., and 1" below the H.P. 
s is 2" above X T, and C is 2" above the H.P. 
d' is If below X Y, and D is 1?" behind the V.P. 
B is in the H.P., and 1" behind'the V.P. 

5. Show the projections of the following points : — 
EA 2" in front of the V.P., above the H.P., and 3" from XT. 

i V above the H.P., behind the V.P., and 2" from X T. 
^ lit" behind the V.P., below the H.P., and 2" from XT. 
y 2i" below the H.P., in front of the V.P,, and 3" EromXY . 
^ "n ihe V.R. shove the H.P., and 1^ ftom"X.T . 
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6. Show the elevation of the triangle given in Exercise 33^ 
Chapter 11., when the ground line coincides with ca. 

7. Draw the plan and elevation of the fignre as given in 
Exercise 12, Chapter IT., and a new elevation on a. V.P. per- 
pendionlar to the first V.P. 

8. A right prism whose enda are hesagona of 1-25" side, 
and whose axis is 3*25" long, lies with one side on the hori- 
zontal plane. Draw its plan, and give an elevation on a ground 
line which mates an angle of 30° with the long side of the plan. 

9. A rectangle 2^" x 2", with a square of 1" side, whose 
centre coincides with the centre of the rectangle, and whose 
sides are parallel to those of the rectangle, is the fro ut elevation 
of a right hollow prism f thick, resting on the H.P. Draw 
an elevation of it on a V.P, inclined at 40° to the planes of the 
larger faces. 

10. A rectangle 3" x 2'', v/ith the lino joining the middle 
points of its short sides, is the plan of a right triangnlar prism 
resting on the ground. Draw an elevation on a ground line, 
making an angle of 60° with the short aides of the rectangle. 

N.B. The triangle is equilateral. 

11. The end elevation of three equal steps is given. The 
pji. j,_ length of the plan is 2J". Draw an elevation 

1 a V.P. inclined at 35° to the front of the 



12. The cross section of a hollow prism is 
a pentagon of \\" side, with a circle 1" diameter, 
having its centre at the centre of the pentagon. The solid, 
which is 2\" long, lies with its long edges horizontal, and one 
of its sides inclined at 25°. Draw an elevation of it on a V.P. 
which makes an angle of 65= with the planes of its ends. 

13. The cross section of a hollow prism is a regular hexagon 
of \\" side, with another concentric hexagon of 1'' side, the 
sides of the latter being respectively parallel to those of the 
former. Draw an elevation of this solid when one of its 
rectangnlar faces is inclined at 15° to the H.P., and the'sxis 
horizontal bnt inclined at 60° to the V.P. Prism 3" long. 

14. Draw the plan of a sqnare prism when a diagont '" 
the solid is rertical. Side of taB6\\",ai*'4', 
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15. A sqnare of 1*5" side, having one side a h inclined at 
0° to X Y, is the plan of a square prism resting on the H P. 
^he height of the prism is '5''. Suppose it to be tilted about 
he edge a b through an angle of 50°, and draw the plan and 
n elevation on X Y. 

16. Draw the ellipse which is the plan of a circle 2J" 
iameter when inclined at 40** to the H.P., and an elevation 
»u a ground line inclined at 30° to the major axis of the 
llipse. 

17. Draw the plan of a cylinder (diam. 2", axis 3") when 
ts axis is inchned at 45° to the H.P., and an elevation on a 
•round line making an angle of 40° with the plan of the 
xis, 

18. A cylinder 3" diameter and 3'' long has its axis inclined 
t such an angle that the plans of the two ends touch each 
ther ; represent it in this position. An elevation to be made 
n a ground line, making an angle of 60° with the plan of the 
xis. 

19. Draw the plan of an octahedron of 2" edge resting 
^itli one face on the H.P., and add an elevation on a ground 
ine not parallel to any side of the plan. 

20. A pyramid 3'' high has a pentagon ABODE of 2'' 
ide for its base. V being the vertex, draw the plan of this 
olid— , 

(a) When the two edges B V, C V are horizontal. 
(h) When the edge E V is vertical. 

Both plans to be projected from the same elevation. 

21. A hexagon of 1*5" side is the base of a right pyramid 
" high. Show the plan of this solid — 

(a) When one triangular face is horizontal. 

(b) When that face is vertical. 

N.B. Both these plans must be deduced from the elevation 
rst drawn. 

22. A cube of 3*5" edge has one diagonal vertical. The 
entre points of the adjacent sides of each face being joined, 
ix squares are obtained, one on each face ; these aa^xi«.^^^ 
.re made the bases of right pyramids 1*5" m\ia\^\.. Ti^^'^ 
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the plan of the solid and aa elevation on aay plane not 

parallel to an edge of the cube. 

p„, ,, 23. A solid is formed of two equal 

sqnare prisms — side of base 1^", lieight 
.'H" — the axes of which bisect each other 
at right angles. The elevation is shown, 
bnt is not drawn to scale. Draw this 
elevation the proper size, and deduce the 
plan, and a second elevation on a new 
— ¥ gronnd line making 60° with XT. 



CHAPTER V. 

ADDITIOSAL PROBLEMS ON LINES. 

PROBLEM 23. 



It the true length of a i/jie, or its melinalion to one of the 

co-ordinate planes, and the distances of iU extreniitiea fnM 

the co-ordijuite planeg, to deterniine its projeetiom. 

Determine the projections ii a' of one end A by Problem 1. 

On a, o mark off a distance a^ v eqnal to the distance of tbo 

^^^ ^^ end B of the line from the vertioal 

plane, and on a^a' mark ofif Ojc' 

eqnal to the distance of B from thu 

horizontal plane. Through c and t! 

draw lines parallel to the ground 

line. These lines will contain tb« 

plan and elevation rcBpectively of 

the other extremity B of the line. 

To fix the projections of B we must 

" know the length of n t or of a' b' ; 

one of the&e can be found by making use of the given tme 

length or inclination thus, with a' as centre and the trni 
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length of the line as radius, describe b!d. arc to cut the parallel 
through c' at B2. Through B2 draw B2 62 ^.t right angles to 
X Y. tti &2 is ^^6 length of the plan of A B, therefore, with a 
as centre and a^ &2 ^^ radius, describe an arc to cut the parallel 
through c at &. a & is the required plan. A perpendicular 
from & to X Y to meet the parallel through c' determines h'. 
a' h' is the required elevation. 

If the inclination of A B to the horizontal plane is given 
instead of its true length, the only difference in the construc- 
tion will be that a' B2 must bo drawn so as to make the given 
angle with X Y. 

If the inclination to the vertical plane is given, make the 
above construction on the plaffinstead of on the elevation. 



PROBLEM 24. 

Given the projection of a line (^A B) on one of the co-ordinate 
planes, its inclination to that plane and the distance of one 
end (^A)from it; to determine its other projection. 

Let a & be the given projection. The distance of a' from 
XY is known, being equal to the distance of A from the 
horizontal plane which is supposed to 
be given. At a make the angle haBi , 
equal to the given inclination and draw 
6 Bj at right angles to ah. To the 
length 6B1 add the length a' aj which 
will give the distance of B from the ^" 
horizontal plane, and therefore the dis- 
tance &' 61. ^l ■ w ^ trt- 

If the elevation a' h' is given instead 
of the plan, then make the above construction on the eleva- 
tion instead of on the plan as shown in the figure. 
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PROBLEM 25. 

A line is inclined at m^ to one of the co-ordinate planes, and its 
projection on that plane maJces n° with the ground line, its 
true length being also given ; to draw its projections. 

Conceive the line to lie* on the snrface of a cone whose 
base is in the plane to which the inclination of the line is 
given, and whose slant side is equal to the given line and is 
inclined to its base at m°. Draw the projections of this cone. 
One projection of the cone will be a circle, and a radius of this 
circle inclined at n° to the ground line will be one projection 
of the line ; the other projection of the line will have one 
extremity at the vertex of the triangle, which is the other 
projection of the cone, and the other extremity on the base of 
that triangle. 

Example. A line 2" long is inclined at 45° to the horizontal 
FiQ. 61. plane, and its plan makes 40° with the 

ground line; to draw its plan and 
elevation. 

At a point C in XY make the 
angle h' Cb equal to 45°, and make 
C 6' 2" long. Draw b' h perpendi- 
cular to X Y. b'Cb will be the 
semi-elevation of the cone previously 
mentioned. With b as centre and 
6 C as radius, describe the arc C a, 
which will be part of the plan of the cone. Make the angle 
Cb a equal to 40°. a 6 is the plan of the line. From a draw 
a a' perpendicular to X Y : a' 6' is the elevation of the line. 

PROBLEM 26. 

Given the inclinations of a line to the co-ordinate planes, to de- 
termine its projections. 

Let the line be inclined at Q degrees to the horizontal 
plane, and ^ degrees to the vertical plane. 

Take any point B in X Y and make the angle v'Bv' equal 
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FlQ. 62. 



to dj the inclination of the line to the horizontal plane. Make 
B v' eqnal to the length of the line. Draw v' v perpendicular 
to X Y. Make the angle B v' C equal to (p, the inclination of 
the line to the vertical plane. From B draw B C perpendicular 
to t;' C. "With centre v' and radius v' C describe the arc C a', 
cntting X Y at a', v' a' is the elevation of the line. With v 
as centre and i; B as radius, describe the arc B a. Draw a' a 
at right angles to X Y and meeting 
the arc B a at a. v a is the plan of 
the line. 

The line is supposed to lie on the 
surface of a cone whose base is on 
the horizontal plane, and whose slant 
side is equal to and inclined at the 
same angle as the line. The plan of 
the line is a radins of the circle 
which is the plan of the cone, and 
the elevation has one extremity at 
the elevation of the vertex of the 

cone, and the other in the elevation of its base. Since 
B v' is the true length of the line, and the angle B v' C is 
equal to its iucHnation to the vertical plane, v' C, the base of 
the right angled triangle B v' C is the length of the elevation 
of the line. Thus the elevation of the line and then its plan 
can be determined. 

Note, : The sum of the angles and ^ may vary between 
0** and 90°. When 6 + = 0° the projections of the line are 
parallel to the ground line, and when 6 + =: 90° the pro- 
jections of the line are perpendicular to the ground line. 




PROBLEM 27. 

Through a given point to draw a line parallel to a given line. 

The projections of the required line must pass through 
the projections of the given point ; and since the projections 
of parallel lines are parallel, the required plan and elevation 
will be parallel to the given plan and elevation respectively. 

e2 
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PROBLEM 28. 

To determine the condition that two straight lines, whose pr(h 
jectiojis are given, may intersect. 

If the lines intersect, their point of intersection is a point 
in each of the lines, therefore the plan of that point xnnst lie 
on the plan of each of the lines, and therefore the plans of the 
lines must intersect, and the point of intersection of the plans 
will be the plan of the intersection of the lines. 

By similar reasoning the elevations will meet at a point 
which is the elevation of the point of intersection of the lines. 
But the plan and elevation of a point are in the same straight 
line perpendicular to the ground line. 

Hence the condition that two lines iutereect is that their 
plans and elevations respectively intersect, and that the points 
of section are in the same straight line perpendicular to the 
ground line. 

There is one exception to this general rule. When the 
lines are perpendicular to the ground line, as in fig. 18, they 
may or may not intersect. In this case an auxiliary plan or 
elevation must be drawn in order to determine whether they 
intersect or not. 



Fig. 63. 



PROBLEM 29. 

Given the projections of two intersecting straight lines, to deier- 

mine the angle between them. 

Let A C and B C be the lines whose 
projections are given. Take the pro- 
jections of any point, D, in A C, and 
,«_.Y ^^ any point, E, in B C. Determine 
by Problem 6 the ti'ue form of the 
triangle DOE. The angle C of this 
triangle is the angle required. 

The construction is simplified in 
many cases by taking for the points D 
and E the horizontal or vertical traces 
of the lines ; this is done in ^^. 63. 
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PROBLEM 30. 

Given the projections of two straight lines which do not intersect, 
to determine the angle between them. 

Through any point in one of the lines draw a line parallel 
to the other by Problem 27. Find the angle between these 
two intersecting lines by Problem 29, which will be the angle 
required. 

PROBLEM 31. 

Given the jprojections of two intersecting straight lines, to draw 
the projections of the line bisecting the angle between them. 

Proceed as in Problem 29 to find the angle betweea the 
Hnes. Bisect the angle DOE (6g. 63) by the line C F, 
meeting D E at F. Find /, the elevation of F. / c' is the 
elevation, and F c is the plan of the line bisecting the angle 
between A C and B C. 

EXERCISES. 

1. A line 2^" long has one extremity \" above the H.f ., 
and V in front of the V.P. The other extremity is 2" above 
the H.P. and \y in front of the V.P. Draw plan and 
elevation. 

2. Two points, P and Q, are 2" apart. P is V above the 
H.P. and \" in front of the V.P. Q is 1^'' above the H.P. and 
1 J" in front of the V.P. Show the projections of the points. 

3. The plan of a line is 2" long and makes an angle of 
35'' with X Y. The line itself is inclined at 40° to the H.P., 
and its ends are in the planes of projection. Draw the pro- 
jections of the line. 

4. The elevation of a line, AB, is 3'' long, and is inclined at 
30° to X Y ; one end of the elevation a' being 'h" above X Y. 
The line itself is inclined to the V.P. at an angle of 30°, and 
has one end, A, '5" in front of it. Draw the plan and eleva- 
tion of the line. 

5. A line 2^" long, inclined at 40° to X Y, and having one 
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end in X Y, is the elevation of a line which is inclined at 45** 
to the V.P. Draw the projections of the line. 

6. A point 2'' above the H.P. and 1" in front of the V.P. 
is the higher extremity of a line inclined at 50**, and stopping 
at the ground. The direction of the plan makes an angle of 
45° with the ground line. Draw its plan and elevation. 

7. The elevation of a line makes an angle of 45° with 
X Y ; the true length of the line is 275", and it is inclined at 
30° to the H.P. Draw its plan and elevation. 

8. The true length of a line is 3", and it is inclined at 48** 
to the H.P. Draw the plan and elevation of the line when 
its ends are 'h" and 1*5" in front of the V.P. 

9. Draw the plan and elevation of a line (length at 
pleasure) inclined at 35° to the H.P. and 25° to the V.P. 

10. An indeSnite line is inclined at 40° to the H.P. and 
makes an angle of 30° with the V.P., the distance between its 
traces being 3*5". Construct its plan and elevation. 

11. From a point in the V.P. 2" from XY draw a line 
inclined at 40° and S5° to the horizontal and vertical planes 
respectively. 



Fio. 64. 




Fio. 65. 



aV^I 





1 






1 

1 

1 




/k" 






/is" 

1 




1 
V 






1 
^ 


%■ 


■i'A- 


-i-r- 


-^-i 




1 
• 


f 




1 





Ht, 



VHt. 



12. Show by its traces a line inclined at 40° to the H.P. 
and 50° to the V.P. 

13. Draw the plan and elevation of a line 3" long when 
inclined at 43° to the H.P. and ^'i^ to tV^ N" .^ ., ^wd show the 
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plan and elevation of a point in it which is 1" above the 
H.P. 

14. Represent a line passing through the ground line and 
making 30** with both planes of projection. 

15. Through pp^ (fig. 64) draw the projections of a line, 
P Q, parallel and equal to the given line. Join the extremi- 
ties of the lines and determine the real form of the four-sided 
figure, A P Q B, obtained. 

16. H^i V^i (fig. 66) are the horizontal and vertical traces 
of a line ; H<2 V^a ^^® corresponding traces of a second line. 
Do these two lines intersect ? 

N.B. Fig. 65 is not drawn to scale. 

17. Determine the angle between the diagonal of a cube 
and an adjacent edge ; also the true length of the diagonal ; 
Edge of cube, 2^". 

18. What is the real angle between the lines whose pro- 
jections are given in fig. 66 ? 

19. Construct a triangle oah 

a and 6 are the horizontal traces 
of the lines A, OB, meeting at 
a point of which o is the plan. 
The height of O above the H.P. 
is 1^". Obtain the real angle X 
contained by the lines. 

20. AB is a line parallel to 
the H.P. A C is a line parallel 
to the V.P. The angle hac be- 
tween the plans and &' a' c' be- 
tween the elevations are each 
120°. What is the real angle 
between the lines ? 

21. Draw the projections of the straight line which bi- 
sects the angle between the two lines given in fig. 60. 



Fig. 66. 
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CHAPTER VI. 

PLANES OTHER THAN THE CO-ORDINATE PLANES. 

Planes other than the co-ordinate planes are represented by 
the lines in which they meet the latter. 

The traces of a plane. The lines in which a plane meets 
the co-ordinate planes are called the traces of that plane, the 
intersection with the vertical plane being called the vertical 
trace J and that with the horizontal plane the horizontal trace. 

The method employed for representing planes is illnstrated 
by figures 67 and 68. The perspective figure shows the 
planes in their true positions, while the other shows them when 
the co-ordinate planes are made to coincide, as explained in 
Chapter I. 

The traces of a plane either intersect on the ground line or are 
parallel to it. For since the traces of a plane lie one in each 
of the co-ordinate planes, if they meet at all the point of 
intersection must be in the intersection of the co-ordinate 
planes, i.e. on the ground line ; and if the traces are parallel to 
one another they must be parallel to the ground line, for if 
not they would cut the latter in two points, i.e. the plane 
would meet the ground line in two points, which is impossible 
unless the plane pass through the ground line, in which case 
the traces would coincide with that line. 

The inclination of one plane to a.nother (called a dihedral 
angle) is the angle between two straight lines drawn from 
any point in their common section at right angles to it, one 
in each plane. 

PROBLEM 32. 

G-iven the traces of a plane, to determine its inclination to each 
of the co-orditiate planes. 

Infig. 67 A Bis a line in the plane LMN, and perpen- 
dicuhr to MN. a B is a liive iu tlaa \xoY\z.Qntal plane, and 
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also perpendicular to M N. By definition, therefore, the angle 
A B a is the inclination of the plane L M N to the horizontal 
plane ; but this angle is also the inclination of the line A B 
to the horizontal plane. 

Hence, to find the inclination of a plane to the horizontal 
plane, we require to find the inclination of a line in it which 
is perpendicular to its horizontal trace. The construction is 
as follows : — Take any point, a, in X Y (fig. 68). Draw a B 
at right angles to M N, and a A at right angles to X Y. The 
line a B, fig. 68, is the plan of the line AB, fig. 67, and a A 



Fig. G8. 



Fig. 67. 





is the height of the end, A, above the horizontal plane, the 
other end, B, being in the horizontal plane. If, therefore, 
with centre a and radius a B, the arc B Bg be described to cut 
X Y at B2, the angle A B2 a will be the inclination of the line 
A B, and also of the plane L M N to the horizontal plane. 

The inclination of the plane to the vertical plane is found 
by a similar construction, which is shown in fig. 68. 

The construction just given will apply whatever be the 
position of the traces. But when the traces are parallel, it is 
not necessary to make a construction for finding the inclina- 
tion to the vertical plane after the inclination to the hori- 
zontal plane has been found, as the one angle is the com- 
plement of the other. 
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PROBLEM 33. 

To dram Ike traces of a plane, liaEing given iis i 
to the eO'Ordmale planes. 

Let the plane be inclined at degrees to the horizontal 

plane and f degrees to the vertical plane. 

Note. The sum of the angles fl and f mnst lie between 'JQ" 

and 180". 

First method. At any point, A, in XY make the angle 

L' A equal to 0, the inclination of the plane to the horizontal 
plane. Draw L' O N perpen- 
dicnlar to X T and B perpen- 
dicular to L'A. With aa 
centre and B as radius, de- 
scribe an arc, and draw N C to 
touch this arc and meet X Y at 
an angle equal to f, the inclinn- 
ticu of the plane to the vertical 
plane. With O as centre and 
C as radius, describe another 

arc ; the line L' M drawn through L' to touch this second are 

will be the required vertical trace, and MN the lioi-izontal 

The theoi'y of this couatruction is that if two cones be 
drawn enveloping the same sphere, haying their bases in tliB 
planes of projection, and their slant aides inclined, at the 
given angles, the plane whieh touches these two cones will 
be inclined to the co-ordinate planes at the same angles as 
tbe slant tides of the cones, and therefore at the given angles, 

In fig. CD, is the centre of tbe sphere, and O B its 
radius. One cone has its axis in the vertical plane, and tha 
other has its axis in the horizontal plane. 

Second taetJiod. By Problem 20 draw the projections of a 
line inclined at (90 — B) degrees to the horizontal plane, anil 
(90 — ?>) degrees to the vertical plane. The horizontal j 
vertical traces of the required plane will bo perpendicn] 
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the plan and elevation of this line respectively, and will of 
course meet on the ground line or be parallel to it. 



PROBLEM 34. 

Given one trace of a plane and the inclination of the plane to 
one of the co-ordinate planes, to determine the other trace. 

Case I. When the inclination of the plane is given to the 
co-ordinate plane containing the given trace L M. 

From any point, O, in X Y draw P at right angles to 
L M. With as centre and P as radius, describe the arc 

Fig. 70. 





P Q, meeting X Y at Q. At Q make the angle Q N equal 
to the given inclination of the plane. Draw N at right 
angles to X Y, meeting Q N at N. M N is the trace required, 

Oase II. When the inclination of the plane is given to the 
co-ordinate plane which does not contain the given trace. 

Let M N be the given trace (same figures). At any point, 
Q, in X Ymake the angle Q N equal to the given inclination 
of the plane. Draw N at right angles to X Y. With as 
centre and Q as radius, describe the arc Q P. Through M 
draw M L to touch this arc. M L is the required trace. 

The correctness of the above constructions will become 
apparent, if after they are finished we proceed in each case as 
if to find that inclination of the plane which is given in the 
statement of the problem. 

Note. In one figure LM is supposed to be a horizontal 
trace, and in the other a vertical trace. 
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PEOBLEM 35. 

To find the true angle between the traces of a plane. 

By the true angle between the traces of a plane is meant 
the angle between them when the co ordinate planes are in 

their natural positions ; referring 
to fig. 67, it is the angle A M B. To 
find this angle we require the true 
form of the triangle A M B, which is 
found thus — From any point, a, in 
X Y (fig. 72) draw a B perpen- 
dicular to the horizontal trace, and 
a A' perpendicular to XY. With 
M as centre and MA' as radius, 
describe an arc cutting aB pro- 
duced at Aj. The angle AjMB 
is the true angle between the traces of the given plane- 




PROBLEM 36. 

Given one trace of a plane and the true angle between the traces, 
io draw the other trace. 

Let L M be the given trace. Make the angle L M P equal 
to the given angle between the traces. Draw P Q perpen- 



FlG. 73. 
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dicular to LM, meeting X Y at Q. Draw Q N perpendicular 
to X Y. With centre M and radius M P describe an arc 
to cut Q N at N. M N is the trace required. 
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Note. In one figure LM is supposed to be a horizontal 
trace, and in the other a vertical trace. 

The correctness of the above construction becomes apparent 
if, after the required trace is found, we proceed as if to find 
the true angle between the traces which is given in the state- 
ment of the problem. 



PROBLEM 37. 

To show the intersection of two given planes. 

The intersection of two planes is a s*^raight line. 

Case I, When the vertical and horizontal traces meet one 
another respectively. 

Let the vertical traces meet at L' and the horizontal 
traces at N. It is clear that L' is a point in the intersection 

Fig. 75. 





of the planes, and being also in the vertical plane its plan, I, 
will be in X Y. It is also evident that N is a point in the 
intersection of the planes and n' its elevation ; therefore the 
line N Z is the plan and n' L' the elevation of the intersection 
required. 

Case II. When only one pair of traces intersect. 
It has been seen that in Case I. one projection of the 
intersection is got by drawing a perpendicular from the inter- 
section of one pair of traces to X Y, and joining the foot of 
this perpendicular with the intersection of the other pair of 
traces. It is clear that in Case II. the first part of this con- 
struction can be made as in Case I. ; but, as the other pair of 
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traces are parallel, their point of intersection is at an infinite 
distance ; therefore the line from the foot of the perpendicular 
on X Y will be parallel to the other traces, i.e. one projection 



Fio. 77. 





of the intersection of the planes is parallel to the parallel 
traces. 

The other projection of the intersection is either a point or 
a straight line parallel to the gronnd line. 

Case III. When all the traces meet at a point on the 
ground line or are parallel to it. 



Fig. 70. 




FiQ 80. 




Let H^i V^i be the traces of one plane, and H^g ^'2 ^^^ 
traces of another — figs. 79 and 80. 

Draw the traces L'M, M N of a third plane (preferably 

per/7endicular to one of the co-ordinate planes) to cut each of 

the given planes. Find the \mea oi mt^T^^cXivcyQ. o€ the third 
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plane with the given planes as in Case I. The point in which 
these lines meet mnst be a point in all three planes, and there- 
fore a point in the intersection of the given planes. Lines 
through the projections of this point, and the intersection of 
the given traces in the one case (fig. 79), and lines through 
the projections of this point parallel to the ground line in the 
other case (fig. 80), will be the projections required. 



PROBLEM 38. 

To determine the distance between tuoo parallel planes. 

Note. Parallel planes have parallel traces. 

Cut the given planes L'M N, P'Q R by a vertical plane 
whose horizontal trace, N, is perpendicular to their horizontal 
traces. This plane will cut the fig. 8i. 

given planes in two parallel lines, 
the distance between which will 
be the distance between the planes. 

With centre 0, and radii R 
and O N, describe arcs to cut X Y 
at S and T. The distance between 
P'S and L'T is the distance re- 
quired. 

"We have here conceived the 
vertical plane L'ON to rotate 
about its vertical trace (which is 
perpendicular to X Y) until it co- 
incides with the vertical plane of 

projection, caiTjing with it the lines of its intersection with 
the given planes. 




PROBLEM 39. 

To determine the traces of a plane parallel to a given plane, and 
at a given distance from it. 

This problem is the converse of the preceding problem, and 
will be easily understood. 
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Let L'MN (Sg, 81) be the given plane. Cut this plane 
liy a vertical plane, L'O N, wliose horizontal trace, N, la at 
right angles to MN. With O as centre, and ON aa radius, 
describe an arc fo cnt X T at T. Join L'T, and draw PS 
parsilJel to L'T, and at the given distance from it. P'Q 
pai'allel to L' M will be the vertical trace of the plane re- 
qnired, and Q R parallel to MN trill be the horizontal trace 
required. 

If the traces of the given plane are parallel lo X T, the 
horizontal trace, Q R, will be found by drawing the arc S B 
with centre 0, and then a tangent to it parallel to M M. 

As two lines can be drawa parallel to the line L'T, and at 
a given distance from it, there will be two planes whicti wiU. 
fulfil the conditions of the problem. 



EXERCISES. 



4 



1. The vertical trace of a plane makes an angle of 45° 
with X Y, and the horizontal ti-ace one of 35°. Determine the 
inclination of the plane to both co-ordinate planes. 

2. The traces of three planes are situated aa follows : — ■ 
(a) Both traces are perpendicnlar to XT. 

(6) The horizontal trace mates 48° with XY, and Ha 
vertical trace is at right angles to X T. 

(f) The vertical trace is inclined at 20° to X T, while the 
horizontal trace is perpendicular to X T. 

What are the inclinations of each of these planes to &ii 
]ilanes of projection P 

3. The horizontal trace of a plane is parallel to X T, and 
1-5" below it. The vertical trace is 2" above XT. Find the 
inclination of the plane to both co-ordinate planes. 

4. Show the traces of a plane which is perpendicnlar 
to the vertical plane, and inclined at 50° to the horizontal 
pk»e. 

5. An indefinite plane is to be shown byits traces wheait 
is inclined at 50° and makes an angle of 60° with the v 
plane of projection. 
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6. A straight line crossing the ground line at an angle of 
3?° is both horizontal and vertical trace of a plane. Determine 
its inclination to both planes of projection and the real angle 
between the traces. 

7. Determine the real angle between the traces of the plane 
in Exercise 1. 

8. What is the real angle between the traces of the planes 
(a), (h), (c) in Exercise 2 ? 

9. Find the inclination of the given plane to both co- 
ordinate planes, and the real an&:le be- 

, ', . Fio. 82. 

tween its traces. 

10. The vertical trace of a plane makes 
an angle of 40° with X Y, and the plane is 
inclined at 45° to the horizontal plane. 
Draw both traces. 

11. The horizontal trace of a plane is 
parallel to the ground line and 2" below 
it, and the plane is inclined at 50° to the vertical plane. 
Find bj construction the vertical trace of the plane. 

12. Aline inclined at 40° to XY is the horizontal trace 
of a plane. The real angle between the traces of the plane 
being 60°, find the vertical trace. 

13. The real angle between the traces of a plane is 45°, 
and the vertical trace makes an angle of 30° with XY. 
Represent the plane by its traces. 

14. The two traces of a plane form with each other an 
angle of 50° ; on paper they form equal angles with the 
ground line. At what angle is the plane inclined to each 
plane of projection ? 

15. The traces of two planes are as follows : — 

H.T. of No. 1 makes 35°, Y.T. 70° with the ground line. 

H.T. „ 2 „ 50°, y.T. 42° 
The planes are inclined in opposite directions. Deter- 
mine the true inclination of their line of intersection. 

16. The H.T. of a plane makes 25° with XY; the V.T. 
50°. The horizontal and vertical traces of another plane are 
each perpendicular to X Y. Find the inclination of their line 
of intersection. 
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17. The vertical trace of a plane makes an angle of 50° 
■with X T, and the horizontal trace one of 40°. The hori- 
zontal trace of another plane is parallel to XT, and Vo" 
below it, the vertical trace being 1-25" above XY. Show 
the line of iaterBection of the two planeB, and find its incIinB- 
tion to both co-ordinate planes. 

18. Determine tbe intersection of the planes A'O B, CO D 
andof A'OD, COB. 

19. Draw a straight line making an 
angle of ■50° with X T, and another 
bisecting this angle. The former line 
is both horizontal and vertical trace of 
a plane, and the latter ia both horizontal 
and vertical trace of another plane. 
Determine the intersection of the two 
planes. 

20. The vertical trace of a plane ia 
parallel to X T, and 2" above it, and 
the plane is inclined at 60° to tbe 
vertical plane ; find the point of intersection of this plane 
with the planes A'O D, CO D given in Exorcise 18. 

21. The vertical traces of two planes are each inclined at 
45° to XT and are 1" apart. The horizontal traces are each 
inclined at 30° to XT, What ia the distance between, the 

22. Two parallel planes are parallel to X T. The H.T. 
of the first is 1" and that of the second 1|" helow- XT- 
The V.T. of the first is l^" above XT. Find tbe distance 
between the planes. 

23. Draw a line parallel to the H.T. of the plane given in 
Exercise 9, and 1" from it ; this ia the H.T. of a plane 
parallel to the first. Find the distance between the two 
planes. 

24. The H.T. of a plane makes 45° with X Y, and the 
plane is inclined at 60°. Draw the traces of a plane 
parallel to this one and ^" distant from it, 

25. The vertical and horizontal traces of a plane mato 
angles of 48= and 28° respectively with XY. Show the 
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traces of two planes parallel to this one and each |" distant 
from it. 

26. A line making an angle of 40° with the ground line 
is both horizontal and vertical trace of a plane. Show the 

traces of two planes, each parallel to this one and ^'' distant 
from it. 



CHAPTER VII. 



PROBLEMS ON THE STRAIGHT LINE AND PLANE. 



PROBLEM 40. 

Given one projection of a point lying on a given plane, to deter- 
mine the other ^rejection. 

Let the plan, a, of a point A be given (fig. 84). Through 
a draw a h parallel to the horizontal trace of the given plane, 



Fig. 84. 
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meeting X Y at &. Draw 6 V perpendicular to X Y, meeting 
the vertical trace of the plane at V . Through V draw V a' 
parallel to X Y, meeting a perpendicular from a to XY at a'. 
The latter point is the other projection required. 

If the elevation of the point is given its plan may be 
found by working the above construction backwards. 

We have here conceived a horizontal line to pass through 
the point A and lie in the given plane. The projections of 
this line must of course pass through the projections of the 
point A. Also the vertical trace of the line will lie in the 

F 2 
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vertical trace of the plane, and the distance of the fc 
from X T determines tlie distance of the line, and therefore 
of the point, from the horizontal plane. 

The construction just explained will apply in all cases 
except the one in which the traces are parallel to the ground 
line. In this case (fig. 85) through a draw a line, not per- 
pendicnlar to the ground line, to meet the latter at 6 and tbe 
horizontal trace of the plane at o. Draw c c' and 6 b' perpen- 
dicular to X T. Join h' c' and draw a a' perpendicular to XTi 
meeting b' c' at a', a' ia the elevation of A. 

The theory of the conatmction in this case ia that an 
inclined line is conceived to pass through the given point and 
he in the given plane, instead of a horizontal hne as in the. 



PEOBLEil 41. 



i 



To draw the projectionB of a line which ie parallel to and 
gieen dUttanee from one of the co-ordinate planet, and eofr 
tained hy a given plane. 

Let the line be parallel to the vertical plane. Its plan 
will be parallel to the ground line and at a distance &oni 
„ „ it equal to the distance of the line from the 

vertical plane. 

Take a point, a, in the plan of the line 
(preferably the point where the plan meda 
the horizontal trace of the plane if it doe* 
so within a convenient distance), arid find 
■ Problem 40. A line throngh «' 
Lllel to the vertical trace of the plane 
will be the elevation of the line. 
That the elevation of the line is parallel to the vertical 
trace of the plane is evident, for if the elevation did meet the 
vertical trace the point of intersection wonld be a point in the 
line and a point in the vertical plane ; but the line does not 
meet the vertical plane, being parallel to it, therefore its 
elevation cannot meet the vertical trace of the plane, i.e. it is 
parallel to it. 
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If the line ia horizontal instead of pitrallel to the vertical 
J plane the consti'Tiction will be the same as that just explained, 
lafthe words vertical and horizontal, and plan and elevation, 

interchanged. 

PROBLEM 42. 

8/(010 the projections of a point which is at given distancee 

from the co-ordinate planes and contained by a given plane. 

By the preceding problem draw the projections of a line 
■which shall he contained hy the given plane, be parallel to 
the vertical plane, and at a distance from it equal to the given 
distance of the point from that plane. 

By the same problem draw the projections of a horizontal 
line contained by the given plane, and at a distance from the 
horizontal plane equal to the given distance of the point from 
that plane. The intersection of the plans of these lines will 
be the plan and the intersection of the elevations will be the 
elevation of the point required. 



problem: 43. 

D draw the traces nf a plane wMcIt shall contain two given 
interiecling lines or two parallel lines. 

If a line be contained by a plane, its traces mast lie on the 
races of that plane. For the traces of the line are points in 
I the planes of projection, bnt they are also points in the plane 
I containing the line, therefore the traces of the line mnat lie 
J on the intersection of the plane with the planes of projection, 
I i.e. on the traces of the plane. 

Hence the conatrnction is — find the horizontal and vertical 
)f the given lines by Problem 5. Join the horizontal 
jf the lines to get the horizontal trace, and the vertical 
faces to get the vertical trace of the plane required. 

The traces wiU either meet at a point on the ground line, 

' be parallel to it. If the traces of the plane meet., Uua 

itndenb will see that after finding one ot ftie V-wwcaa cX. 'Coa 
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plane it will only be necessary to find the other trace of one 
of the lines. 

If either of the traces should fall without the paper, draw 
the projections of a line to meet each of the given lines, but 
not at their point of intersection. The traces of this new line 
will also lie on the traces of the plane required. 



PROBLEM 44. 

To dram the traces of a plane which shall eontain a plven point 
and a given line. 

Let a a' be the given point, and h o, h' c' the given line. 

Take any point, d d', in the given line, and find the traces of 

Pjg gj the plane containing the lines AD and 

B C by the preceding problem. The* 

will he the traces of the plane reqnired. 

PROBLEM 45. 
Tu draw the traces of a platie which ihaU 
contain three given poinii. 
Let a a', hV, and cc' be the ^ven 
points. Join h c and h' c'. Datemiae 
by Problem 44 the traces of the plane con- 
taining the point a a' and the line h c, b' c'. These will ha 
the traces required. 

PROBLEM 46. 
To draw the traces of a plane lehich sliall contain a given line 

and have a given inclination to one of the oo-ordinale planet. 

Let a h, a' b' (fig. 88} be the given line, and let the given 
inclination of the plane be to the horizontal plane. 

Draw the projections of a cone having its vertex at t!ie 
vertical trace of the given lice, its base in the horizoclal 
plane, and its slant side inclined at the given inclination (8). 

A line throngli the KotizouVBl troca ot t\i<i ^ven line, tfl 
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tonch the base of tbe cone, will be the horizontal trace of the 
plane, and a line throngh the point where this horizontal trace 
meets the ground line, and through the vertical trace of the 
given line, will be the Tortioal trace of the plane required. 

If the horisontal trace of tfae line fall without the base of 
the cone, two tangents can be drawn, and there will therefore 




be in this caae two planes which will fulfil the given condi- 
tions. If the horizontal trace of the line fall on the circnm- 
ference of the base of the cone only one tangent can be 
drawn, and there will therefore be in this case only one plane 
which wUl folfil the given conditions. If the horizontal trace 
of the line fall within the base of the cone no tangent can be 
drawn, which shows that the pnihlem is impusBible when Ike 
itielinaiion of the pUvne is less than the inclination of the line. 

In the constmction just explained, we have assumed that 
the traces of the given line came within the paper ; but, as 
one or both of these traces may fall without the paper, we 
mnst show how the constmction is modified to meet any case 
which can occur. 

In fig. 89 is shown the solution of the problem when 
neither of the traces of the given line fall within a convenient 
distance. In this case the projections of two cones have 
been drawn, having their vertices in the given line, their 
bases in the horizontal plane, and their slant sides inclined at 
the given inclination (0). The horizontal trace of the plane 
is a common tangent to the two bases. The vertical trace of 
the plane is got by taking a point c c' in ftie ^lOTaotAfli. "wm^ 
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just foQnd, and joining this point with two points in the given 
line. The line joining tlie vertical traces of these lines is the 
vertical trace of the plane required. 

If the iocjination of the plane be given to the vertical 
instead of to the horizoatal plane, the bases of the cones mnst 
be placed in the former plane instead of in the latter. 



PEOBLEM 47. 

In a given plane to place a line having a given incUnatioa (o 
one of the co-ordinate pltnet, 

Tlio inclination of the line must not exceed the inclination 
of the place. 

Let the given inclination be to the horizontal plane. 
Take a point, Bj, in the ground line and draw B^ a', 
making the given angle with XT, and meeting tho vertical 
trace of the given plane at «'. Draw 
a' a perpendicular to X Y, meeting the 
latter at a. With a as centre and tiBj 
as radius, describe an arc to cut the 
horizontal trace of the plane at b. 
Draw h b' perpendicular to X Y, meet- 
ing it at h'. ah is the plan and a' h' 
the elevation of the line required. 
The correctness of the oonstj-uction is apparent if we work 
tho problem backwards in order to find tho inclination of the 
line A B after its projections have been found. 

Tho construction applies whatever be the position of the 
traces of the given plane. 

If the given inclination of the line be to the vertical plane, 
the constrnction will be similar to that juat explained, and 
will be easily found out b^ tho student. 
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PROBLEM 48. 

To draw the projections of a line wJiich shall pass through a 
given point, have a given inclination, and he parallel to a 
givenplane. 

In the given plane place a line inclined at the given angle 
by Problem 47. Through the plan and elevation of the given 
point draw lines parallel to the plan and elevation respectively 
of this line. These will be the projections required. 

That the line whose projections have thus been found 
fulfils the given conditions is not diflBcult to see ; for it is 
parallel to a line which has the given inclination, and must 
therefore have itself the given inclination. Also it can never 
meet the given plane, for if it did so it could not be parallel to 
any line in that plane, therefore it is parallel to the plane. 



PROBLEM 49. 

To draw the traces of a plane which shall contain a given point, 
and he parallel to a given plane. 

Let H^ V^ be the given plane and pp' the given point. 
Case L When the traces of the given plane meet within 
a convenient distance (fig. 91). 



Fig. 91. 



Fig. 92. 





Draw p q parallel to H t and p' q^ parallel to X Y, also q q' 
at right angles to X Y. A line through q' parallel to Y t is 
the required vertical trace; and a line through the point 
where this line meets XY parallel to HMs the reojiired 
horizontal trace. 
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Case IT. When tbe traces of tfae given plane do not meet 
witliin a convenient distance (fig. 92). 

In the given plane place a line a h, a' V , inolioed at Einy 
angle. Draw the projections of a line to pass through P and 
be parallel to A B. Find the vertical and horizontal traces of 
the line through P ; lines through these parallel to the verticil 
and horizontal traces respectively of the given plane will ba 
the traces of the required plane. 

The constmctiou in each case is evidently correct, fcflt if 
we examine the figurea we see that the plane whose traoe§ 
have been found contain the given point since it containB a 
line which passes through that poiut. Also the planes nra 
parallel becanse their traces are parallel 

PROBLEM 50. 

In a given plane to place a line v>kieh shall be parallel to and at 
a given distance from anotfier given plana not parallel io ila 
first. 

Draw the traces of a plane which shall be parallel to the 
second given plane, and at the given distance from it (Pro- 
blem 39), The line of intersection of this third plane with 
the first given plane is the lice required. 

PROBLEM 51. 

To draw the projections of a line mhieh shall pass through a 
given paint and he parallel to two given planes. 
The required projections will paaa through the projectioas 

of the given point, and be parallel to the projections of tie 

line of intersection of the two given planes, 

PEOBLBM 52. 

To draw the traces of a plane which shall contain a given lins 

and he parallel to another given line. 

Draw the projections of a line to intersect the first given 
line and be parallel to the second (Problems 27 and 28) . The 
plane containing these intersecting linoa is the plane reqi^ 
Its traces are found by Pro'Wera 4S. 
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PROBLEM 53. 

To draw the traces of a plane which shall contain a given point 
and be parallel to two given lines. 

Draw the projections of two lines to pass through the 
given point and be parallel respectively to the two given lines 
(Problem 27). The plane containing the lines passing through 
the given point is the plane required. Its traces are de- 
termined by Problem 43. 

PROBLEM 54. 
To show the projections of the intersection of a line and a plane. 

Let L'M N be the given plane and a h, a' &' the given line. 

Draw the traces, L'R, R N, of a plane j,^^ ^g 
(generally perpendicular to one of the ^j 
planes of projectiou) to contain the line 
AB. Find the intersection of this plane 
-with the given plane (Problem 37). The 
points o' where a h, a' h' meet the projec- 
tions of the intersection of the planes are ^_ J \\ -- \^ y 

the projections required. - ^l^^ 

For the point is in the line A B, and ^n\^ 

also in the plane L'M N, since it lies on the 
intersection of this plane with the plane L'RN, therefore it 
is the point of intersection of the line and the plane. 

PROBLEM 55. 

To draw the projections of a line which shall pass through a 
given point and he perpendicular to a given plane. 

If a line is perpendicular to a plane the projections of the 
line are perpendicular to the traces of the plane, the plan to 
the horizontal trace and the elevation to the vertical trace. 

The construction is therefore — through the plan of the 
point draw a line at right angles to the horizontal trace of 
the plane, and through the elevation of the point draw a line 
at right angles to the vertical trace of the plane; these will 
be the projections required. 



DESCJUPT1^'E GEOMETRY. 



PROBLEM 56. 

To draw the traces of aplane whicK shall coidain a given point 

and be perpendicidar io a given line. 

Let p J)' be the given point and a i, a' i' the given line (fig. 
91). 

Through p draw p q perpendicular to a h, meeting X T »t 
q. Draw g q' perpendicular to X Y, meeting a parallel 
through y' to X Y at q' . Through q' draw L'M perpendicular 
to a'V and meeting XY at M. Through M draw MH 
perpendicular to a h. L'il and M N are the vertical and 
horizontal trace3 respectively of the plane required. 




In the above conatrnctio 
through J) perpendicular to a I 
hut as this is not always the < 
Btruction which will apply in any case. 

Let pp' (fig. &5) be the given point and a i, a' I' the given 

On (1 6 aa a ground line make another elevation, p/, of the 
point P, and a,' 6,' of the lino AB (Problems 15 and 16). 
Through pi'drawcj' d perpendicular to a/ 6/, meeting a 6 at 
d. C]' d is the trace on the vertical plane of which a 6 ia the 
groand line o{ tlie plane, pei^tidlcMX^T ^ 'Oatt VLoa A. Band 
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containing the point P. It is clear that the point d will be a 
point in the horizontal trace, and that the latter will be 
determined by drawing through d a line perpendicular to a h. 

Produce a & to meet X Y at c, and draw c c/ perpendicular 
to a h, meeting Ci d at Cj'. The point c/ is an auxiliary 
elevation of a point which is in the required plane, and 
also in the vertical plane of which X Y is the ground line. 
If therefore c c' be drawn perpendicular to X Y and made 
equal to c c/, c' will be a point in the vertical trace required 
-which will be perpendicular to a' h'. 

These constructions are easily verified by showing from 
an examination of the figures that the plane determined 
fulfils the conditions of the problem. 

PROBLEM 57. 

To draw the traces of a plane whicJi shall contain a given point 
and he perpendicular to two given planes. 

The plane whose traces are required will be perpendicular 
to the line of intersection of the two given planes. Hence 
one construction is — find the intersection of the given planes 
(Problem 37), and determine the traces of the plane to contain 
the given point and be perpendicular to this line of intersec- 
tion (Problem 56). 

Another construction is — determine (Problem 55) the pro- 
jections of two lines which shall pass through the given point, 
and be perpendicular one to each of the given planes. The 
plane containing these two intersecting lines is the plane 
whose traces are required. 

PROBLEM 58. 

To draw the projections of a line which shall pass through a 
given point, and meet a given line at right angles. 

Determine (Problem 56) the traces of the plane which shall 
contain the given point and be perpendicular to the given line. 
Find (Problem 54) the projections of the intersection of this 
line and plane. The line joining the plan oi ^i^i^ ^'^^'a ^<:s«^ 
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■with tbe plan of the interBeotion of the line and plane will 
be the plan, and the line joiuing the elevatiena of the same 
points will be the elevation required. 

PROBLEM 59. 
To ilrata the traces of a plane which, shall contain a (/iven liw 
and be perpendicular to a given plane. 

Determine the projections of a line to intersect the given 
line (Problem 28) and be perpendicular to the given plane 
(Problem 55). Find (Problem 4.3) the traces of the plane 
containing these two intergecting lines. These will be the 
traces required, 

PROBLEM 60. 
Qiven the inditialioM of two lines and the angle between them, 
to draw their projections and the traces of the plane «»- 
taiuing them,. 

Let the angle A B C be the angle between the lines. At 
any point, A, in A B make the angle BAD equal to the giTen 
inclination of A B. Draw B D perpen- 
dicnlar to A D. With centre B and 
radins B D doacribe the arc D E, and 
draw E C to toncb this arc, and makeui 
f angle with B C equal to the given in- 
clination of B C. Imagine the tri&Dgle 
A B C to rotate about the aide A C onlal 
) point B ia at a distance equal to 
D or B E from tbe horizontal plane^ 
tbe points A and C being asanmed on 
that plane. In thia position the lines 
A B and B C would be inclined to tbe 
horizontal piano at angles equal to BAD and B C E re- 
spectively; and their plana would be equal in length to AD 
and C E respectively. Hence, if with centre A and radins 
A D the arc D 6 be described, and with centre C and radins 
C E tbe arc E 6 be described, meeting the former arc at h, 
A h fliid h C will be tbe pVans ot && Uasa ve(\mrcd. 
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A C will be the horizontal trace of the plane containing 
the lines. 

An elevation of the lines on any vertical plane can easilj 
be obtained since the distances of the points A, B, and 
from the horizontal plane are known. In the figure an 
elevation of the lines is shown on a ground line perpendicular 
toAC. The distance of &' from X Y is eqnal to BDorBE. 
O h' will be the vertical trace of the plane containing the 
lines. 

That part of the construction which relates to the drawing 
of the plan of the given lines is called ^ reducing an angle to 
the horizon.' 



Fig. 97. 



PROBLEM 61. 

Qiven the traces of a plane, to determine the trace of this plane 
on a new vertical plane. 

Let L'M, M N be the traces of a plane ; it is required to 
find the trace of this plane on a vertical plane of which Xj Yj 
is the ground line. Let Xi Yi 
meet MNat S. 

Take a point, p, in the new 
gronnd line and consider this as 
the plan of a point lying in the 
given plane L'MN. Find the 
elevation p' (Problem 40) of this 
point on the ground line X Y. 
Draw ppi perpendicular to 
Xi Yi, and m&ke ppi equal to 
the distance of jp' from X Y. S j?/ is the vertical trace 
required. For P is a point in the given plane and also a 
point in the new vertical plane, therefore pi' must be a 
point in the new vertical trace. Also the point S, where 
the horizontal trace meets Xi Yi, is evidently another point in 
the new vertical trace, therefore the line Sj?/ is the trace 
required. 

J£ the new ground line did not meet the horizontal trace 
of the plane within a convenient distance, ^ ^e^on^ ^<iai^»Ss^ 
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the required vertical trace could be found iu the same way aa 
the first point p,' 

EXERCISES. 

1. Draw a triangle uftM (angle aMB = 30°, angle a6M 
= 35°, 5M^ 2^^"); oM is the horiKontal trace of a plane whose 
vertical trace L'M ia parallel to a 6, 6 M being ou the groQiid 
line, a point, a, within the triangle i[ i M is in a line through a 
perpendicular to the ground line and \" from it. o 6 ia the 
plan of a line and c is the plan of a point both lying on the 
pliine L'M a. Find their elevations. 

2. Three points, ABC, lie on a plane whoae vertical and 
horizontal traces make angles of 36° and 4o° respectively 
with XT. o' and h' are each 1'25" above XT ; a' is on the 
vertical trace d£ the plane, and h' is 1" from o'. c' is 2" abovs 
XT, and at a horizontal distance of 1" from b'. Show Ao 
plans of the points, and determine the trne form of tiie 
triangle ABC. 

3. A triangle ABC lies in a plane L'M N. The vertical 
trace L'M of the plane makes 39° with XT, and the hori- 
zontal trace M N niakcH 3r° with XT. a is -8" below X T, 
and at a horizontal distance of 15" from M. h is "4" belo* 
X T, and at a horizontal distance of 3" from M, e ia 1'5" 
below XT and 25" from a. Draw the elevation, of the 
triangle and determine its true form. 

4. In the plane given in Exercise 2 place (a) a line 
parallel to the vertical plane, and 1" in front of it ; (6) ■ 
horizontal line 1^" above the horizontal plane. 

5. The vertical and horizontal traces of a plane make 
angles of 47° and 38° respectively with XT. Four points, 
ABC D, lie in this plane. The points are \", i", 1^", and IJ' 
respectively above the horizontal plane, and \", 1^", 1", and 
\" respectively in front of the vertical plane. Dra.w the 
projections of the fignro A B C D, and show its true form. 

6. The horizontal traces of two parallel planea make angUa 
of 30" with XT. The planes are inclined at 45° to the 

horizoatsA plane and are \' ft-gort. "D«.-^ t\\eir traces and 
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show the projections of a line 2" long, Laving' ita extremities 
one on each plane and 1" above the horizontal plane. 

7. HOC, b'o'i' (fig. 58} are equilateral trifttiglea of \\" side. 
Draw the traces of the plane containing the lines AB, CD. 

8. A horizontal line lying in a plane 

whose traces both mate 50° with X Y ia ^,"'' "*' _ 

■ 75" above the horizontal plane, 
plan and elevation. 

9. The elevation a' h' of a line makes 
45" with X T. a' ia in X Y and V is 1-5" , 
above it. The plan a h make.i 30° with ' 
XY, and &iB in XY. The elevation of 
a point P is at 6' and its plan ia 1-5" 
below 5 Y. Draw the traces of the plane 
containing the point P and the line AB. 

10. Determine the traces of the plane containing the line 
A B of the preceding exercise and a point Q, whose plan is 
the same fls that of P, but whose elevation is £" above X Y. 

11. Draw the traces of the plane which shall contain the 
following three points : A, \" above the H.P. and ^" in front 
of the V.P. ; B, 1^" above the H.P. and 1" in front of the 
V.P.i C, J" above the H.P. and 1^" in front of the V.P. 
ah = he= li". 

12. The plan o of one extremity of a line is 1" below 
X Y, and the elevation a' is '5" above X T. The plan h of the 
other extremity is '&" below X Y, and ita elevation 6' is 1'5" 
above XY. The lines aa' and I h' are 2-5" apart. Deter- 
mine the traces of the plane containing the hne A B and 
inclined at 60°. 

13. In a plane whose horizontal and vertical trace make 
53° and 32° with the ground line respectively, place a line 
having the same inclination as the plane, and find the angle 
between this line and tbe vertical plane. 

14. In a plane whose traces are each inclined at 40° to 
X y, place a line inclined to the vertical plane at the same 
angle as the plane, and find the inclination of this line to the 

^ llorizontal plane. 

15. Draw the plans of two lines (.ftn^' \e\i^Oi^ N'jvq.^ ^a. ^ 
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plnne inclined at 50° and meeting at a point. The one is 
inclined at 25°, the other at 35". Determine the trne angle 
between them. 

16. Represent a plane inclined at 50° and two lines lying 
in this plane meeting one another, the one being borizontol, 
the other inclined at 30°. Determine the angle contained by 



thof 



> 



17. A point whose plan ia p lies in the same plane ae the 

three given points a a', hh', ec'. Determine its elevation. 

Solve the problem, if you can, witli- 

ont finding the traces of the plane. 

18. Two horizontal lines, AB, 
A C, contain an angle of .16°, A 
plane inclined at 30° contains AB, 
another inclined at 60° containB A C. 
Draw two lines pai^Bing through A, 
each inclined at 20° and lying one 
in each plane. Determine the angle 
between these two lines. 

19. The traces, L'M, MM", of a plane make 35° and 50° 
respectiTely with XT. A point, P, 1-5" in front of the 
vertical plane and '75" above the horizontal plane, lies in » 
plane perpendicular to X Y and passing throngh M. Shoif 
the projections of two line.i passing throngh P and parallel tn 
the plane L'M N, ore being horizontal and the other jnoliool 
at 35". 

P'QK place a line which shall be 
i L'M N, and at a distance of J" from tha 
latter (fig. 100). 

21. TbeplatiB,ab,cil. 
of two lines make angla 
of 30° with X T, I " 
meet at a point, c, which 
is IJ" below X y. The 
point is the horiaontal 
trace of the line CU 
c' d' makes 45° with XT. 
[' h' is parallel to X Y and 1 " above it. Determine the traces 



20. In the plar 
parallel to the plai 
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of the plane which shall contain the line A B and be parallel 
to the line C D. 

22. Find the point of intersection of the line AB (fig. 
100) with each of the given planes. 

23. The verfcical traces of two planes together with the 
ground line form an equilateral triange of 3'' side. The planes 
are both inclined at 70° to the horizontal plane. A line is 
parallel to X Y and V from each of the co-ordinate planes. 
Find the length of the portion of line intercepted between 
the two planes. 

24. The vertical trace of a plane makes an angle of 55° 
with X Y and the horizontal trace one of 23°. A point 'S" 
below XY and 1'7" from the intersection of the traces 
(measured along XY) is the plan of a vertical line. Find 
the intersection of the line and the plane. 

25. Find the intersection of the line A B with a plane 
inclined at 45°, whose horizontal trace is given (fig. 101). 



Pig. 101. 



Fig. 102. 



Fig. 103. 





26. Find the perpendicular distance of the point P 
(Exercise 19) from the plane L'M N. 

27. Through the given point draw a line perpendicular to 
the given plane and find its intersection (fig. 102). 

28. From the given point pjj' draw a line to meet the 
given line a h, a' h' at right angles (fig. 103). 

29. Two planes contain a right angle, one of them is 
inclined to the H.P. at 60°, and their intersection is inclined 
at 50°. Represent these planes. 

30. The horizontal trace of a plane makes 30°, and the 
vertical trace 45° with the ground line. The plan of a line 

g2 
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lying in this plane makes 24° with the groui 

Tertical trace is 2'7" above the H,P. Draw a plane passing 

through this line at right angles to the giren plane. 

31. A line, A B, 3" long, is inclined at 50° to the H.P. and 
30= to the V.P. ; one end (A) being in the H.P. aod tiie 
other end (B) in the V.P. From a point, C, in A B, 2" km 
A, draw two hnes at right angles to A B and to o 
one of the latter being inclined at 30°. 
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SECTIONS OF 



Sections. Many objects of which mechanical drawings have 
to be made are of anch a form that iheir conatrnction ia not 
completely apparent from outside views only. The interior 
conetrr.ction of a bouse, for inatance, cannot be seen from the 
outside. In order to exhibit the interior of sach an object we 
imagine it to be cut in pieces by planes, and then represent 
one or more of these pieces separately. 

But in representing objects of a comparatively simple 
nature, the addition of a sectional drawing often adda very 
mncii to the illustration of it, although such sectional drawing; 
may not be absolutely necessary to the complete representa- 
tion of the object. 

That surface which is produced when a plane cots a sohd 
is called in geometry a sectinv, and if that part of the solid 
which is between the cutting plane and the plane of projec- 
tion is shown on the drawing the latler is called ascc/ionalpfon 
or sectional elevatim. But in the application of these terms 
to architectural and engineering drawing the word section 
is often nsed in the same sense as sectional plan or sectional 
elevation. 

The projection of a section ia diatingnished in TSrions 
waja. One way, which we adopt in this work, is by drawing 
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across it parallel diagonal lines at equal distances apart. 
These lines are called section lines. 

If the true form of a section is required, it must be pro- 
jected on a plane parallel to the plane of the section. 



PROBLEM 62. 

To draw the projections of the section of a prism hy a plane 
perpendicular to one of the co-ordinate planes. 

The section will be a plane rectilineal figure, whose angular 
points are at the points where the edges of the prism meet 
the cutting plane. Since the plane of section is perpen- 
dicular to one of the co-ordinate planes, one projection of the 
section will be a line coinciding with one of the traces of 
that plane. Sections of a prism by planes parallel to the ends 
are similar and equal to the ends. 

Example 1. A cube, edge \y\ standing on the H.F, with 
07ie face inclined at 30°- to the F.P., is cut hy a vertical plane 
whose horizontal trace passes through the middle points of 
two adjacent sides of the base of the cube. To show a 
sectional elevation. 

First draw the projections of the cube, then the horizontal 
trace of the cutting plane. 

The cutting plane will intersect two of the vertical faces 
of the cube in vertical lines, of which 
the points a and b will be the plans and 
perpendiculars a' a', b' b^ to X Y the 
elevations. 

The same plane will intersect the 
horizontal faces of the cube in two 
horizontal lines, of which the line a b 
will be the plan and a'b\ a'b' the 
elevations. 

The rectangle a' a' b' b' will be the 
elevation of the section. The eleva- 
tion of the part of the solid behind the plane of section com- 
pletes the sectional elevation. 



Fia. 104. 




86 DESCRIPTIVE GEOMETRY. 

If the true form of the section is required, it may be 
shown by ftn elevation on H.T. as a ground line. 

Example 2. A hexagorud prism (base V gide, altiiude 2J"1, 
havmg one side "parallel to the vertical plaiie and its axi» in- 
dined at 45", is cut hy a horizontal plane into two equal parti. 
To skov! the plan of the lower part. 

Pirst construct half of a hexagon, a' be d', of 1" aide, having 
a diameter, a' d', inclined to S T at 45° (the complement of 
the iDclination of the axis of tho 
prism). From thia the elevation 
of the prism is got, as shown in 
the figure. 

Since the cutting plane divides 
the solid into two equal parts, its 
vertical trace will bisect the ele- 
vation of the axis of the prism. 
The plan will be symmetrical 
— Y abont a line (aid) parallel to 
XY 

Draw lines from ai' 6,'C[' ^|' 

"', perpendicular to XT, and make 

the points i| &, C| c^ at distances 

fiom the line rti d equal to lb' 



1 of the section and will 




OiftiC, d^cihi will be the plat 
show its true form. 

The construction for determining the plan of the part of 
the solid under the plane of section is apparent from the 



PEODLEII 63. 
To dmw the projections of the section of a py.-a mid hy a plant 

perpandiciilar to one of the co-ordinate planes. 

The solution of this problem ia similar to that of the pre- 
ceding one. The section will be a plane rectilineal figure, 
whose angular points are at the points where the edges of the 
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solid meet the plane of section. To determiDe the projecticms 
of the section we have, therefore, simplj to find the intereec* 
tions of the edges of the solid with the plane of section, and 
join them in the proper order. Another way of putting it is 
as follows : the faces of the pyramid are portions of planes, 
and the sides of the rectilineal figure forming the section are 
the lilies of intersection of these faces with the plane of 
section. These lines of intersection may be fonnd from the 
traces of the faces and of the plane of section by Problem 37. 
Sections of a pyramid by planes parallel to its base are 
similar to the base, bnt less than it. 

Example 1. A pentagonal pyramid (base 1" aide, axis 2") 
stands on the H.F. with one side of its base parallel to X T, and 
is cut hij a plane inclined at 45°, whose horizontal trace is perpen- 
dicular to X¥ and passes 
through one of the angular _, 

points of the hate of the 
pyramid To show the plan 
of the section and tts true 
form 

Commence by draw 
ing the projections of the 
pyramid and the traces 
of the plane 

The points where the 
elevations of the edges of 
the pyramid meet the ver- 
tical trace of the plaoe 
are the elevations of the 
angular points of the sec- 
tion. Perpendiculars from these to XT to meet the plana of 
the respective edges will determine the plans of all the an- 
gnlar points of the section excepting one. It will be noticed 
that the plan av and elevation a' v' of one edge are perpen- 
dicnlar to X T, and that the perpendicular to X T from p', 
where a'v' meets the vertical trace of the plane, does not 
meet av at a point, but coincides with it. 
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To determine the plan p, draw an eleyation of A V on, sai-, 
« u as a groncd line ; a v,' ia this elevation. 

A point, p,', in nj?,', at a distance from ttuequal to a'p', 
will be the new elevation of the point P. A perpendicular 
from pi' to av determines the plan of the point required. 

The plan p may also be determined as follows : make a' Bj' 
eqnal tava, join »[' v', through p', draw p'pi' to meet a/ o* tt 
j/i', then, if vp be made equal to p'p/, p will bo the pint 
required. 

To show the irne form of the section take the Tertical 
trace of the plane of section or a line parallel to it as a ground 
line, and determine on this a new plan by the rules explained 
in Chapter IV. This new plan will show the trne form of 
the section since it is a projection of it on a plane parallel to it. 

SxAHPLE 2. A pyramid having a hexagon of V tide for 
ill hose and an altitude of 2^", reeta with one triangular face or 
j,jg ^^^ the E.P. and is cut by a ver- 

tical plane whose horizont'tl 
trace bisects the plan of tie 
axis of the pyramid at an 




angle of 50°. To skoii i 
--ii,- seetional elevatioti on a plaiie 
/'"^••■-■j/' .» ^^ parallel to the plane of «te- 

\ HJW^T/i^St,.,^ ( /■ ^^ elevation and plan 

\<^ yr f-- ^^t!^*^^^ of the pyramid when in the 

^N' [ /' Z-5^ " gi^en position are firat 

4 L ^}yf^iy^ drawnbythemlesofChap- 

\^^^ ter IV, The horizontal trace 

/ H.T. of the cnttinp plane is 

then drawn, bisecting the 

plan of the as a at an angle of 60°. 

To draw t! e ele\ati n required a ground line, X, Tfl 
taken parallel to H T 

The pointa where H T meets the p 
pyramid are the plans of the angular points of the soctioi 
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Consider one of these angular points, a v, a' v' are the 
projections of one edge of the pyramid. The point p where 
H.T. meets a v is the plan of one angular point of the section. 
A perpendicular from p to X Y to meet a' v' determines p\ 
the elevation of P, on the ground line X Y. The new eleva- 
tion pi of P lies in a line through p perpendicular to XjYi, 
and is at a height above Xj Yj equal to the height of p' above 
X Y, In the same way the elevations of the other points of 
the section are determined. An inspection of the figure will 
show how the elevation is completed. 

It should be noticed that the lines, such as j^/ a/, joiniog 
the elevations of the angular points of the section with the 
elevations of the angular points of the base of the pyramid if 
produced will meet at a point Vi\ which is the elevation of the 
vertex of the pyramid. 

Sections of the sphere. All plane sections of a sphere 
are circles. A section by a plane which passes through the 
centre of the sphere is called a great circle^ and has a diameter 
equal to the diameter of the sphere. Any other section is 
called a small circle. 



PROBLEM 64. 

To determine the projections of the section of a sphere hy a plane 
perpendicular to one of the co-ordinate planes. 

One projection of the section will be a line coinciding 
with one of the traces of the plane of section, and the other 
will in general be an ellipse. 

Let the plane of section be perpendicular to the horizontal 
plane. Then, the plan of the sphere being a circle, the chord 
of it which coincides with the horizontal trace of the plane is 
the plan of the section, and the length of that chord is equal 
to the diameter of the section. 

To draw the elevation is simply to work a problem, 
which has been already explained in Chapter lY., namely 
Problem 19. 
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PROBLEM 65. 

Qiven the projedioiu of a sphere, and one projection of a point 
on its surface; to determine the other prnjecthn of the 
point. 

Take a sectioa of the sphere by a plane parallel to one of 
the co-ordiuate planes, and passing through the point of which 
one pi-ojection ia given. 

One projection of this section will bo a line coinciding 
with the trace of the plane, and will pass through one pro- 
jection of the point. The other projection of the section will 
be a circle which will pass through the other projection of the 
point. The projections of the point must, of course, be in 
the same straight line perpendicular to the ground line. 

Example. The plan and elevation of a sphere 2" in dia- 
7neter touch XY. A point, a, 1^" belote X Y, artd ^" fmm, the 
centre of the plan, is the plan of a point lying on the surface iff 
the sphere; to show the elevation of the point. 

Through a draw a line parallel to X Y, meeting the plaa 
of the sphere at the points b and c. Describe a circle con- 
centric with the elevation, and having a diameter equal to 
6 c. Tbrongh a dt-aw a a' perpendicular to X T, meeting 
this circle at a', a' is the elevation required. 

As the perpendicnlar from a will cut the circle in the 
elevation in two points, the point a will be the plan of two 
points lying on the surface of the sphere, these points being 
at equal distances from a horizontal plane passing through 
the centre of the sphere. 

In this example the line 6 c is the horizontal trace of a 
vertical plane cutting the sphere, and is also the d 
the section. The circlo drawn in the elevatioa havi 
diameter equal to b c is the elevation of the section. 
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PROBLEM 66. 

Given the projections of a sphere and of a straight line, to deter^ 
mine the projections of the points where the line meets the 
surface of the sphere. 

Let a hf a' h' be the projections of the line, and o o' the 
projections of the centre of the sphere.* 

Represent a plane perpendicular to one of the co-ordinate 
planes, and containing the given line. One trace of this 
plane will coincide with the plan or elevation of the given 
line, according as the plane selected is perpendicular to the 
horizontal or vertical planes of projection. 

Suppose the plane selected to be vertical. 

The horizontal trace of the assumed plane will coincide 
with a 6, the plan of the line. 

Take a ground line, Xi Yj, parallel to a 6, and determine on 
this new ground line the elevation ai' hi' of the line A B. If 
the plan a b meet the circle, which is the plan of the sphere, at 
the points a and b, ah will be the diameter of the circle, which 
is the section of the sphere by the assumed vertical plane. 
Determine the elevation of this circle on Xj Yj. The eleva- 
tion will be a circle whose diameter is equal to a &, and 
whose centre Oi' is at a distance from Xj Yj equal to the 
distance of o' above X Y. 

Let a/ hi meet this circle at the points p^' and g^/. 
Through p/ and 3/ draw perpendiculars to Xj Yj to meet 
ah Sit p and q. Through p and q draw perpendiculars to 
X Y, to meet a' b' at p' and q'. pp' and qq' are the points 
required. 

The theory of this construction is simple. The assumed 
plane contains the given line, and cuts the surface of the sphere 
in a circle. This circle and line being in the same plane, if 
the projections of the line meet the projections of the circle 
this shows that the line meets the circle ; but as the circum- 

* No figure is given to illustrate this problem, but the student can 
easily make one for himself. 
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ference of the cii'cle lies on the snrface of the sphere, being a 
section of it by & plane, the points where the projections of 
the line meet the projections of the circle must be the projec- 
tions of tbe points where the line meets the snrface o£ the 
apbere. 

Sectioss of the cylinder. All sections of a right circu- 
lar cylindei" by planes parallel to its axis are rectangles, two 
sides of which Ho on the carved surface of the cylinder, and 
the other two on the ends. 

All sections by planes perpendicolar to the asis are eqaal 
circles. All other sections by planes which do not cat an end 
of the cjliflder are ellipses, the minor axes of which are equal 
to tbe diameter of the cylinder ; bat if tbe plane of aection 
also cnts one or both ends of the cylinder the section will be 
a portion of an ellipse. 



PROBLEM 67. 

To determine the projections of the sedimi of a. cyHiuJer hi/ j 
plane perpendieidar to one of the co-ordinate planes. 
In defining a right circular cylinder, it was pointed ont 
that it might be considered as ' a solid described by the revo- 
lution of a rectangle about one of its sides, which remains 
fixed.' If, therefore, a number of lines be drawn to represent 
a number of different positions of that side of the rectangle 
which is parallel to the fixed aide, these lines being on tbe 
Bnrface of the cylinder, their intersection with the cntting 
plane will determine points in the section required. 

By taking a sufficient number of these lines we may 
determine as many points in the section aa we choose. Then 
by drawing a 'fair curve' through these points the com- 
plete section is determined. 

Example. A cijIiwJer 2" in diameter, having its axis inclined 
at 50°, is cut hy a horizontal plane. To draw the ellipie Khieb. 
is the plan of the section. 

Draw an elevation i'a''j'y' of tbe cjhnder on a ] 
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parallel to ita axis. On a' g' describe a semicircle. This will 
be a half end view of the cylinder. Draw V.T., the vertical 
trace of the cutting plane. Draw the linea h' b', c' c', d' d', Ac., 
parallel to the elevation of the axis of the cylinder, and pro- 
duce them to meet the semicircle at the points h, c, d, &c. 

These lines and points are the projections of lines which 
lie on the cnrved surface of the cylinder ; and these latter 
lines meet the plane of section at points whose elevations are 
^I'l c/, d\, &a. These points are therefore elevations of 
points in the onrve of section required. 

Conceive a plane parallel to the vertical plane of projec- 
tion, and containing the axis of the cylinder. Draw the line 
Oi ^1 parallel to X T to represent 
a portion of the horizontal trace of 
this plane. 

This central plane will divide 
the cylinder into two oqnal por- 
tions exactly alike. One half of 
the curve of section formed by the 
horizontal cutting plane will be in 
front of this plane, and the other 
halt behind it. 

Consider the point B, of the 
section. The plan of this point 
will lie in the perpendicular 
through 6/ to X T. Also the dis- 
tance of Bj from the cenlral plane 
jnst mentioned will be eqnal to 
h h', the distance of i from the 
diameter of the semicircle, therefore the plan I 
this distance from the line Oi j,. 

It is evident that there will be two points B,, one in 
front of the central plane and the other at an equal distance 
behind it. 

In like manner 0|,ii|, Ac, the plans of the other points, are 
obtained. 




vill be at ■ 
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PROBLEM 68. 

Given the projections of a cylinder and one projection of a jiomi 
on its surface, to determine the other projeclion. of the poiiA. 

Take a section of tlie cjlinder by a plane parallel to ita 
axis, perpendicular to one of tlie co-ordinate planes, and 
passing throngU the point of which one projection is given. 

The section of the cylinder by this plane will be a rect- 
angle, one projection of which will be n straight Hue 
coinciding with one trace of the assnmed plane, and will pass 
through one projection of the point. The other projection of 
the section will be a parallelogram, one side of -which will 
pass throngh the other projection of the point. Then, again, 
the plan and elevation of the point lio in the same straight 
line perpendicular to the ground line, Thus, if one projection 
of the point is given, the other can be fonnd. 

Example. A cylinder 1^" in diameter his iia axis parallel to 
ilte yrouiid line and ^" from each plane of projection, A point 
I" from X Tie the plan of a point lying on the surface of IhU 
cylinder : to show its elevalion. 

Draw X| T, perpendicular to X T, and on this new ground 
line draw an elevation of the cylinder. This elevation will be 
a circle IJ" in diameter and touching X, Y,. Through p 
draw a line perpendicular to Xi T,, meeting the circle at the 
points Pi', p^'- On the first elevation of the cylinder draw 
two lines parallel to X Y, and at distances from it eqnal to 
the distances of pi', p'J from X, T,. 

Through p draw a perpendicular to X Y to meet there 
parallel lines. The points thns determined will be the eleva- 
tions of points of vrliich p is the plan, 

SEcnoNS OF THE CONE. In what follows we neglect the 
base of the cone and consider its curved surface only. 

The section of a cone by a plane which contains its vu^^ 
is two intersecting straight lines. If, in addition to cat^^^M 
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ing the vertex of the cone, the plane of section contain its 
axis, the section is called a principal section. 

The section of a cone by a plane perpendicular to its axis 
is a circle. 

If the plane of section cut both lines of a principal section 
on the same side of the vertex the section is an ellipse. 

If the plane of section be parallel to one of the lines of a 
principal section, and perpendicular to the plane of that 
principal section, the section is a parabola. 

Any other section of the cone is a hyperbola. 

The circle may be considered as a particular case of the 
ellipse, and two straight lines as a particular case of the 
hyperbola. A single straight line is also a particular case of 
the hyperbola, or of the parabola. In this case the plane of 
section touches the cone. 



PROBLEM 69. 

A cone having its axis vertical is cut hy a plane perpendicular to 
the vertical plane of projection : to determine the plan of the 
section and its true form. 

The solution of this problem is similar to that of Problem 
^7. In this case we draw lines v a v' a', vh v' h', &c., to re- 
present a number of diflferent positions of the hypotenuse of 
the right angled triangle, which describes the curved surface 
of the cone. 

The points where these lines meet the plane of section are 
points in the section required. 

Let v' a' meet the vertical trace of the plane of section at 
the point a/. Through a/ draw a perpendicular to X Y to 
meet i;a at the point a^. a^ is the plan of a point in the 
curve of section. 

In like manner the points Jj, Cj, Ac, are determined, and a 
fair cnrve drawn through these completes the plan of the 
section. 

To determine the true form of the section, take the vertical 
trace of the plane of section or a line p».T«LWe\ \iO \^ ^^ ^ ^'^'^ 
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gro nil d line . Through the points dj', 5|', c/, &c., draw per- 
pendicalnrs to tLis new ground line, and make tho points 
Oj, &ji, C.J, &c., at distaocea from the new gronnd line equal to 
the distances of the points (t[, b„ c^, &c., from X T respectively. 
A fair curve joining these poiotB thns determined will be the 
true form of the cnrve of section, which ia, in the particular 
case shown in the figure, a hyperbola. 

Thei-e are some cases, and fig. 109 shows one of these, 
where the lines on the surface of the cone meet the plane of 




section at ho acute an angle that it is difEcnlt to deteil 
exactly their points of intersection. In such cases it ii 
to proceed as follows. 

All points in the moving line which describes the curve 
snrlkoe of the cone describe circles whose planea are perpen- 
dicular to the aiis of the cone. Draw the projections of ttw 
circles described by a number of these points. ' 
section of these circles with the plane of section deten 
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points in the section required. "When the aiia of the cone is 
vertical tlie elevations of these circles will be etroight lines 
parallel to the gronntl line, and thoir plans will be circles. 

This method shonld also be applied for determimog those 
points which lie on those lines whose projections are perpen- 
dicular, or nearly perpendicular, to the ground line when the 
first method is e 



I 



I 



PROBLEM ro. 

Oiven the projections of a cone, and one projection, of a point op 
its surface, to deiermine the other prtyection of the point. 

Let V be the vertex of the cone, and P the point on its 
surface. Suppose p the plan of the point P to be given. 
Through V draw a line, vp a, meeting the plan of the base of 
the cone at the point a. Througb a draw a a' perpendicular 
to the ground lino, and meeting the elevation of the base of 
the cone at a'. Join v' a', and through p draw pp' perpen- 
dicular to the ground line, and meeting v' a' at ji'. p' is the 
projection required. 

If p' ig given and p hag to be found, the construction would 
be that just given worked backwards. 

If the projections v a and v' a' are perpendicular to the 
ground line, the perpendicular pp' will not meet either of 
these at a point, but will coincide with them ; in this case it 
will be iiecesHury to take another elevation to find the dis- 
tance of p or p' from the ground line. 

In tbi.s construction i) a, tin' is a line lying on the surface 
of the cone, and, as one projection of this line ia made to pass 
through one projection of the point on the surface of the cone, 
the other projection of the line must pass through the other 
projection of the point. 

We may also consider the line v a, v'a' to be one of the linen 

which the surface of the cone is cut by a plane. This was 
the method adopted in solving the corresponding problem for 
the cylinder. 
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1. A pentRgoual prism (pentagon IJ" aide, axis 2^") 
rests with on** side on the ground. Draw a sectional elevation 
on a vertical plane, biBecting the asia of the prism at an 
angle of 55°. 

2. Draw an equilateral triangle of Zy side and anotW 
within it having its sides ^" distant from the sides of first. 
Draw a line bisecting one side of the larger triangle at an 
angle of 85°. The triangles form the plan of a hollow prism 
standingoD the H.P., and whose height is f". The line is the 
horizontal trace of a vertical plane cutting the prism into two 
portions. Draw an elevation of the larger portion looking at 
right angles to the section. 

3. A right rectangular prism — base 1 J" x ^", length 24'' — 
has the longer sides of its base horizontal and the shorter 
sides inclined at 45°. The solid is divided into two portions 
by a vertical plane, which biBects the lowest horizontal edge 
at an angle of 40°. Show an elevation of the larger portioa 
on a plane parallel to the cutting plane. 

4. A right prism whose ends are hexagons of 1'25" aSe 
and whoso axis is 4" long, lies with one side on the H.P. It 
is cut into two eqnal parts hy a vertical plane which makes 
an angle of 40° wilh its asis. Show the plan of one of these 
halves when standing on ita section end. 

5. The base of a hollow prism is a regular hexagon of 14" 
side, with another concentric hexagon of 1" side, the sides of 
the latter being respectively parallel to those of the former. 
This prism, which is 3" long, is halved by a plane which is 
perpendicular to one side of the prism and inclined at 50° to 
its ends. Draw the plan of one of these halves when atanding 
on its section end. 

6. A sqnare pyramid — base 2" aide, axis 3" — Htands on 
the H.P., and is cut by a horizontal plane which bisectat^ 
axis. Draw the plan of the frustmm, 

7. Show the plan of the lower portion of the pyramid in 
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the preceding exercise when the cntting plane hisecta the 
axis Bt an angle of 45°. 

8. A square pyramid (side of sqaare 25", nltitndo 3''>") 
stands on the H.P., and ia cnt by a vertical plane passing 
through one point half way down one edge and another point 
one quarter of the way down an adjacent edge. Show the 
true form of the section. 

9. A hexagon, A B C D E F, of IJ" side, is the base of a 
right pyramid, 3" high, which stands on the H.P, A line 
rutting C D S" from D and A F -2" from P ia the horizontal 
trace of a vertical plane cntting the solid. Show the ti'ue 
form of the section made. 

10. A pyramid, having for its base a square of 25" side 
and its axis 3-25" long, rests with one triangular face on the 
gronnd. Draw its plan and a sectional elevation on a vertical 
plane, represented by a line bisecting the plan of the asis and 
making an angle of 60° with it. 

11. A heptaf^onal right pyramid of 1" edge of base and 2" 
highia lying with one face on the H.P., assuming it to be cut 
by a vertical plane passing through the centre of the 
heptagonal base, and making an angle of 45° with the plan of 
its aiis. Draw the section and elevation. 

12. A hesagonal prism (side of base 1^", height 1^") 
having its base on the H.P. and one side inclined at 10" to 
the V.P., is Burmounteti by a tetrahedron having the comers 
of ik base at three of the angular points of the prism, one 
€30raer coinciding with that corner of the prism which is 
nearest to the V.P. Show the plan of the section made by a 
plane which bisects the axis of the tetrahedron is perpen- 
dicular to the V.P., and inclined at 50° to the H.P. 

13. A sphere 2^" in diameter is cnt by a plane which is at 
distance of J" from its centre and inclined at 45°. Show 

itihe plan of the section and its true form. 

14. *A sfihere 3" in diameter has its centre in the ground 
line. Show the projectiana of a point on its surface which ia 
1 ' above the H.P., and i" in front of the V.P. 

15. Draw the projections of the sphere and point aa in the 
preceding exercise. A straight line enters the sphere at this 
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point, and has its plan and elevation inclined at 60" and 30° 
respectively to the gi'onnd line. Determine the projections 
of the point where this line leaves the sphere. 

16. A cylinder 2" in diameter and 3" long has its axis 
inclined at 40°. Show the true form of the section made : 
(j.) by a horizontal plane bisecting the asia of the cylinder; 
(6) by a vertical plane whose horizontal trace bisects the plan 
of the aiis of the cylinder at right angles. 

17. A cylinder 2^'' in diameter and 2^" long has a hexa- 
gonal hole through it (aide of hexagon f '), the axis of the 
hole coincides with the axis of the cylinder, which is hori- 
zontal, and it has one side vertical. ' This solid is cut by a ver- 
tical plane, whose horizontal trace coincides with one diagonal 
of the aqnare which is the plan of the cylinder. Show a 
sectional elevation looking afc right angles to the section, 

18. A cylinder 1^" ia diameter rests oo thegronnd, with 
its axis horizontal and inclined at 30° to the V.P. Two 
points, each 1" above the gronnd and IJ" in front of the 
V.P., lie on the surface of this cylinder. Show the projec- 
tions of the points. 

N.B. — The cylinder may be shown of any oonvenipnt 
length, and the ends may be shown by broken lines. 

19. A cone (base 3" diameter, axis SV') is ont by a planB 
bisecting its axis at an angle of 50°. Show the true form of 
the section. 

20. A circle 1'25" radius is the plan of a right cone S'5" 
high, standing on the horizontal plane. Show the plan and 
the trae form of the section of this cone by a plane whoM 
horizontal trace is 2" distant from the centre of the plan, and 
whose inclination ia 40°. 

21. A right cone^radiuaof base I'S", height 3*5" — stands 
on the horizontal plane, and ia cat by a vertical plane 4" from 
the axis, Determine the trne form of the section. Name tie 
curve obtained. 

22. Determine the plan and true form of a parabolic 
section of a cone whose baae is horizontal by a plane which 
cats its axis at a point 1" from the vertex. Base of cone 2^" 
in diameter, axis 3" long. 
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23. A triangle v' a' b' («' a,' = v'b' = 3", a' h' = 2^") . is 
the elevation of a right circnlar cone standing on the groond 
Two points, P and Q, lie on the eurface of this cone, p' is 1" 
from a' and 2" from b'. g' is 2" from a' and 2" from 6'. 
Draw the projections of the cone, and show the plans of the 
points F and Q. 



CHAPTER IX. 

PEOJECTIOS OF PLANE FHIDRES. 

PROBLEM 71. 

Given the inclination of the plane of any plane figure and of any 

line in thai figure, to draw iU projections. 

First of all determine the traces L'M, MN of the plane 
containing the figore. It will be found that the working of 
the problem ia mnoh sim. p,^ ,,„ 

plified by first assuming this 
plane perpendicular to the 
Tertical plane, so that its 
horizontal trace is perpen- 
dicular to the gronnd line, 
and its vertical trace inclined 
to the gronnd line at an 
angle equal to the inclina- 
tion of the plane. lu this 
position the elevation of the 
figure will he a straight line 
coinciding with the vertical 
trace of the plane. After, 
wards any other elevation 
may be obtained by Problem 19. 

Next place in this plane L'M N, by Problem 47, a line, 
FQ, having the inclination of the line of the figure given in 
the problem. 




102 DESCRIPTIVE GKOMETRY. 

Now imagine this inclined plane, witli the line P Q upon 
it, to rotate about ita horizontal trace M N until it cornea into 
the horizontal plane. 

The point Q being in M N will remain fixed dnring this 
rotation, while the point P will describe, an aro of a circle in 
the vertical plane with M aa oenfcre. Hence if with M as 
centre the arc ■p' P, be described, meeting X T at P,, P| q will 
be the position of the line P Q wben the latter is bronght into 
the horizontal plane. 

Mark off on P| 5 a length, A, B,, eqnal to the length of 
that line of the figure whose inclination is given, and on Aj B, 
conatruct the given figure whatever it maj be. 

Note. The line A B ia not neceaaarily a aide of the fignre, 
bnt may be any line whatever in the same plane with it 
occupying a known position in relation to the figare. 

Now imagine the figare thua drawn on the horizontal 
plane to rotate about M N. The elevation of this figure in 
any position as it rotates will be a portion of a line passing 
through M. All pointa in the figui^ will describe arcs of 
rircles whose plans will be straight lines perpendicalap to 
M N, and whose elevations will be arcs of circles having their 
centres at H, and having radii equal to the distances of the 
points from M N". 

Tbns the point C will describe an arc whose plan is the 
straight line C| cperpendicnlarto MN, and whose elevation ia 
the arc «,' c', 

Iiet the rotation continne nntil the plane of the figare hu 
the required inclination, i.e. nntil the elevation coincides with 
L'M. Perpendicnlara from the elevations of the angular poinla 
of the figure to X T to meet the plana of the area described 
by them dnring the rotation determinea the plans of tfadw 
points. 

Thns a perpendicnlar from r' to XT to meet the line 
through C| perpendicular to M N determines e, the plan cSaaa 
angular point of the figure. 

Aa a verification of the construction the atndent Bbonli 
notice that if any side, say B^C^,Qf the fi^nre constra atej on 
ibe Jjorizontal plane be pTodnceitotnee\.'^"S,'AV'Ci.&!i*o»t 
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its inclined 



the point where the plan 
poeition meets it. 

It mnat be borne in mind that no line of the fignre 
hare a greater inclination than that of itB plane. 



PROBLEM 72. 

Qiven the inclination of ike plane of a circle, to draw Us pro- 

jeclians. 

Draw L'M, MN, the traces of the plane containing the 
circle, as in the preceding problem. 

On the horizontal plane draw the fm. iii. 

circle ABiCDi, having a diameter c, 

eqnal to that of the given circle. Sr 

ThroQgh any convenient number of 
points in this circle draw perpendiculars 
to XT. With M as centre, and the 
distances of the feet of these perpen- 
dicnlara from M as radii, describe arcs 
of circles to cut L'M. From the points 
where these arcs ent L'M draw perpen- 
diculars to XT, to meet perpendiculars 
to M N" from the corresponding points 
in the circle AB, CD,. This deter- 
mines points in the plan of the circle, ** 
and by drawing a fair curve through these the plan will be 
complete. The plan will be an ellipse, wliose major axis is 
the plan of A 0, that diameter of the circle which is parallel to 
MN and therefore horizontal. (In fig. Ill, AC has been 
made to coincide with M K.) The minor axis of the ellipse is 
the plan of B D, that diameter of the circle which is perpen- 
dicular to M I^f. 

We may therefore determine the axes of the ellipse, and 
then draw it by any of the mies for drawing ellipses. 

Tbe line d' V is the elevation of the circle. 

From this plan and elevation any other elevation ma\[ b« 
obtaised hj Problem 19. 
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PROBLEM 73. 

Given the inclinations of any two intersecting straiglit lines in a 
plane figure, to draw the projections of the figure. 

Determine by Problem 60 the traces qf the plane contain- 
ing the lines whose inclinations are given, taking the ground 
line perpendicular to the horizontal trace. 

Rotate this plane with the lines upon it about its horizontal 
trace, as in Problem 71, until it comes into the horizontal plane. 

On the lines thus brought into the horizontal plane con- 
struct the given figure, and proceed exactly as in Problem 
71 to determine the plan. 

PROBLEM 74. 

Given the heights of three points in a plane figure, to determine 
its projections. 

Fig. 112. 




Note. The difference between the heights of any two 
points must not exceed the distance between the points. 

The three points if joined will form a triangle, and we 
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have first to determine the traces of the plane containing this 
triangle. 

Let A, B, and be the points whose heights are given. 

Constrnct on the horizontal plane a triangle, A^ B^ Cj, 
equal to the triangle ABC. 

With centre Aj and radius eqnal to the height of the point 
A, describe the circle E F H. With centre Bj and radius 
equal to the height of the point B, describe the circle K L M. 
With centre Cj and radius equal to the height of the point 
C, describe the circle N P Q. 

Draw H L to touch the circles E F H and K L M, and 
produce it to meet Aj Bi produced at R. Also draw EP to 
touch the circles E F H and N P Q, and produce it to meet 
Aj Cj produced at S. R S is the horizontal trace of the 
plane required. 

Make X Y perpendicular to R S, meeting the latter at O. 
Draw Aj a/ perpendicular to XY. With centre O and 
radius Oa/, describe an arc, a/ a', to meet at a' a parallel to 
XY, which is at a distance from the latter equal to the 
height of the point A. a! is the vertical trace of the plane 
required. 

The theory of this construction is similar to that of 
Problem 60, which the student should refer to again. 

It is evident that the angle AjRH is the inclination of 
A B, and that the angle AjS E is the inclination of A C. 

The plan a 5 c of the triangle A B C is now determined as 
shown in the figure, which is just a repetition of the con- 
struction performed in the preceding problems of this 
chapter. 

If AB C is not the complete figure given in the problem, 
a figure equal to it mnst be built up on the triangle Aj Bi Cp 
Then the plan of the whole figure is obtained in the same way 
as the plan of the part ABC. 
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'« about a fixed horizontal line in it tUl the 

plan, of an angle opposite to that line is equal to a given 

angle : to determine the projections of the figure. 

Let ABC D denote the given figure, AC the line abont 

which it is to revolve, and B the angle whose plan is to be 

equal to a given angle. 

Constrnct the figure o B, c D, eqnal to the figare A B C D. 
On ac describe by Euclid III. and 33 a segment of a circle 
to contain an angle eqnal to that into 
which the angle B is to be projected. 
As the figure revolves ahoat AC, 
the point B vfill describe an arc of 
a circle whose plan is a line throngb 
Bj perpendicalar to ac. Let this 
perpendicular meet the segment of a 
circle which was described on ac at 
the point 6. a 6 c is the plan of tbe 
angle B when the figure has revolved 
as stated in the problem. 

Draw X T perpendicular to ae, 
meeting the latter produced at a'. 
Draw B| i/ perpendicular to XY. 
With centre a' and radius a' 6,' describe the arc 6/ b', and 
through I di-aw a perpendicular to XT to meet this arc at b'. 
a' h' is the vertical trace of the plane containing the figure 
A B C D when the latter occupies the position stated in the 
pi-oblem. 

From Di draw D| rf/ perpendicular to X Y, With centre 
a' and radius a' di describe an arc to cut a' h' at d'. Draw 
d' d perj)endicnlar to X T, to meet a line through D, perpen- 
dicular to a c at <^. ah cd is the plan and d' b' an elevation 
of the figure A B C D, as required, 
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EXERCISES. 

1. Draw the plan of an equilateral triangle of 2*5" side, 
its plane to bo inclined at 48° and one side at 32°. 

2. Draw the plan of an isosceles triangle, whose base is 
2*5" and sides S" when its plane is inclined at 50° and its 

base at 35°. 

3. The sides of a triangle are 3'', 275'', and 2-5" long re- 

spectively. Draw its plan when the plane of the figure is 
inclined at 55° and the longest side at 30°. 

4. Draw the plan of a rectangle 2'' x 3" when its plane is 
inclined at 50° and one diagonal at 35°. 

6. A rectangle, sides 2" and 3'', has its plane inclined at 
60° to the H.P., the short sides being horizontal. "What is 
the inclination of its diagonals ? 

6. Construct the plan and two elevations of a square of 
2*5'' side when its plane is inclined at 50° and one edge is 
inclined at 30° (one of the elevations to be on a plane parallel 
to one diagonal). 

7. Draw the plan of a rectangle (sides 3'' and 2") when 
its plane is inclined at 50° and one diagonal is horizontal. -Also 
show an elevation on a plane parallel to the other diagonal. 

8. A pentagon, A B CDE, side 1'75", revolves upon the 
line joining A with the centre of the opposite side till its plane 
becomes inclined at 50°. Draw its plan. 

9. The plane of an isosceles triangle (base 2", sides 3* 5") 
is vertical and inclined at 40° to the vertical plane. One 
side is inclined at 70°. Draw the elevation of the triangle. 

10. Both the traces of a plane make angles of 45° with 
X Y. A regular hexagon of 1 " side lies on this plane with one 
side inclined at 20° to the H.P. Show its plan and elevation. 

11. Draw the plan of a circle 2^'^ in diameter when its 
plane is inclined at 60°. 

12. A circle 3 ' in diameter lies in a plane inclined at 55° 
to the paper ; draw a plan and an elevation, the ground line 
making an angle of 60° with the horizontal of that plane. 

13. A circle 2*25^' in diameter lies in a plane whose 
traces both make 45° with XY. Drav? \ta^\«i.TL^TA^«^^>ss^, 
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" 14. Draw the plan of an isosceles triangle whose bawT^* 

2'5" and sides 3" when that base is inclined at 40° and one ot 
the sides at 48°. 

15. Draw the plan and two elevations of an equilateral 
triangle, A B C, of 3" aide when the sides A B, B C are in- 
clined at 35° and 56" to the paper ; one elevation to be on 
a pliine parallel to A C. 

16. Two sides of a square are inclined at 30° and 40°. 
Diuw its plan and give an eleyation on a line parallel to one 
diagonal of the plan. 

1?. Draw the plan of a square of 3" aide when its two 
diagonals are inclined at 28° and 38°. 

18. Draw the plan of a regular hexagon of 1" side when 
one of its sides is inclined at 20° and an adjacent side at 25°. 

19. A pentagon of 2" side has one side inclined at 25" aod 
one diagonal meeting that side inclined at 35°. Draw its plan. 

20. Draw the plan of an equilateral triangle of 2-5" aide 
when so held that its corners are -9", 1'6", 2'6" respectively 
aburethe H,P. 

21. An isosceles triangle, having its sides 2-5"and its base 
3", has the two ends of the latter at '6", 1'9", and its vertex 
2'8" above the ground. Draw its plan. 

22. The centre of a regular hexagon of 1'5" aide la 2" 
above the ground, and the estremities of one side are §" and 
1" respectively above the ground. Draw the plan. 

23. A square, A B C D, of 2" aide has the comers A.B.C, 
at heights of ^", ^", 1^" respectively. Draw a plan of the 
square and an elevfition on a vertical plane parallel to the 
diagonal B D. 

24. A rectangle, sides 2" and 3", revolves upon one 
diagonal as a fixed horizontal line, till the plan of a rifcbt 
angle opposite becomes an angle of 120°. What is ths 
inclination of the plane of the figure ? 

25. A triangle, ahc{ah=: 3", lc= ac= 2"), is the plan 
of an equilateral triangle, AB being horizontal. What is 
the inclination to the ground of the plane containing it ? 

26. A rectangle 25" x 1"75" is the plan of a square. De- 
■tcrmine the inclination of the plane of tbe square. 
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27. A rhombns (1|" side, longest diagonal 2|") is the 
plan of a square, one of whose diagonals is horizontal. Eind 
the side of the square and the inclination of its plane. 

28. Under what conditions is the plan of a square — (a) an 
eqnal square, (h) a straight line, (c) a rectangle, (d) a 
parallelogram, (e) a rhombus ? 

29. Can any parallelogram drawn at pleasure be the pro- 
jection of a square ? Give reasons for your answer. 

30. Draw a line, a &, 1'6" long. From c, the middle point 
of a h, draw c d 2 '8" long, making the angle h cd 60°. These 
two lines represent the plan of a T-square, a and d are on 
the horizontal plane. Determine the true size of the T- 
square. 

31. Two lines which meet are at right angles to one 
another and are equally inclined to the H.P. Their plans 
contain an angle of 110°. Draw an elevation of them on a 
ground line parallel to the plan of one. 

32. Draw a rectangle, a 6 c c2 , (a 6 = 2^", 1)0^=. 3^"). 
From a point, /, in he S" from h dra^wfg 2^" long, making 
the angle cfg equal to 20°. On fg, and within the rectangle, 
construct an equilateral triangle, fgh, ahcd represents a 
blackboard and fgh a, triangle drawn upon it. Draw the 
plan of the board and the triangle when the plane of the 
former is inclined at 45° and its long edges (a d, h c) are 
horizontal. 

33. A triangle, aoh (ao= I'l", oh = 1*3, ah — 17"), is 
the plan of one of the eight isosceles triangles which make 
up an octagon ; o is the plan of the centre of the octagon. 
Complete the plan of the latter. 

34. Draw the plan of a square of 2" side when its plane 
is inclined at 40° and two opposite comers are V and 1^" 
above the ground. 
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Examination Paper on Practical Solid Geometry, set by the 
Science and Art Department, May 1883. 



FIRST STAGE OR ELEMENTARY EXAMINATION.^ 

Instructions.* 

The constructions may be left in pencil, provided they are distinct 
and neat, and that the construction lines are shown. They must be 
strictly geometrical and not the result of calculation op trial. In the 
absence of those lines which are essential to a correct solution no 
marks will be awarded, however correct the result may appear. 

Lines parallel or perpendicular to others may be drawn mechani- 
cally without showing any construction. Lines may be bisected by 
trial. 

Only Eight Questions are to he attempted. 
Questions marked (*) liave accompanying diagrams.' 
The examination in this svhject lasts for four hours. 

Solid Geometry. 

1. Represent correctly by their projections on a horizontal and 
vertical plane : — 

a, A line parallel to both planes of projection. 

h. A line passing through a point on the ground line. 

c. A point equidistant from both planes of projection. 

d. A line equally inclined to both planes of projection. (8.)* 

* For the Advanced and Honours Papers see Appendix to Part II. 

* We have only reprinted part of the instructions given. We have 
also omitted the four problems on Plane Geometry which were set at 
the same examination. 

' The diagrams (fig. 114) are drawn to the scale of |ths. 

* The relative values of the questions are given by the numbers in 
brackets at the end of each qMesUon. 
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*'2. State precisely what is represented by each of the four given 
figures, a. b, c, d. (8.) 

*3. Determine the traces of any plane not perpendicular to either 
plane of projection and containing the given point aa\ (10.) 

*4. h is the plan of a point which is 2J''' from the given point a a\ 
Determine its elevation h\ (10.) 

*5. From the given point pp^ in the given plane draw two lines in 
the plane inclined at 29°, and determine the real angle they 
contain. (l^O 

*6. The given lines Af^ B f represent the plan of a pair of dividers 
whose points A, B are in the horizontal plane. The legs are 
t>'' long. Determine and write down the height of the joint 
above the horizontal plane. (12.) 

*7. gh\% the plan of a line lying in the given plane. Determine its 
elevation and real length. (12.) 

8. Draw the projections of a square of 2f side ; one side to be in 
the ground line, the opposite side to be equidistant from both 
planes of projection. (14.) 

*9. The figure represents a street lamp. Complete the plan and 
make an elevation on CD. (15.) 

*10. Make a sectional elevation of the lamp on MN. (15.) 
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Ajnoa'B Ttow of the Sdence of jDri?pnidaocfl. 8vd. isj. 

— my Years of tha English Oonstltation, l83»-lSao, Crown Sro, lOi. M. 

— Primer ol the Boglisb Cooitltntlon. Orovn Bto, St. 
Bioon'a Bssaji, with AnBotationa by Whately, 8io. 10*. M. 



— Works, e<llKd bf Bpeildlug. 
Bagshot^ Booiioialc SCodlEa. edited b 
Bain"! Loglo, Dcdncti™ and Indoctlw 



ennCs flthlcs of ArlstaUe 1 Greek T^it. Vng]m Notes, 1 vole, dvo. f 
Hodgson's rhilosopby of RcflLtHon. '• cola. Srn. Sli, 
JeilflrleB' Antobiognphj, The Slorjof JIj Heart. CtawnSm.Si. 
EallBb'a Path and Ooal. 8to, 12i.«d. 

Lcdte'a biayi In Polltlal &Tii Moral Fhiloaophy. im. lOi. td. 
Iitnrfi on Aalbotl^ in Uattoa of Opinlm. Svo. Mi. 
B&conlay'a Qpfecha correflT«d by ffiTntrif, Crown Bvo. Hj. id. 
Uxdeod'a Boonomlrail FhSwopby. Vol. 1. Bnt. ISi. VoLILPutLli 
IQH on BqnwDtative Government. Crown Std. ii. 
— on Liberty. Crowa Sio. li. M. 



London, LOITQUASS Be CO. 
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Mill's Aoaljait ul lJ.li I'lituu.iieiui iW Iho Human Minlf. 
— Bhoji ou UiinlUcd QooiioiiB at FoUtlcal Ecoiwi 



, 8to. Si.M. 



oi Wonwn. OiDWD Byo 



MlUer'a (Ur& Fenwid 
Uttller's (Mu) Utalpe 



dlngg In Eoelal Scodddi]'. CroiiD 8to. Cg 
LGennui Vp'arkpbDp. i td1i> Svo, BCi. 
iiii»Ti, wirb BngUsh Hoto, Bm. IBi. 
log] Lsli Villa ge Comiopnitr. Sro.lSj. 
BCD'g FhlJoKiphlcal BMSfs. Sro. 9(. 
Itetiini Logic FoeiDiatJ. 

ry LE^vB of Tlmgbt, Crown Sro. Cj. 
uericb, ttnuBlHUd by Bkt^ 3 vols, raw 
oe or Wu. Seomd EdfUoo, e^o. III. 



— EneHib Byiiou; 
WaUlUDi'i KicomscbsD ] 

— PrB-Eoor>tie Bchooi 



cs of Aristotle tmiilated. Crovn tro, 7, 



0. iSi. 



lucratic Bc^ooLq. Orown »i 



lOi.Bd. 



— BtDtne, BpicnnsiuiB, u 

MISCELLANEOUS AND CRITICAL WORKS. 
Arnold's (Dt, Tbomas) MitcellBneona Worki. 6»o, 7j, id. 

— (T.) Uamul of BngUsb Llterataie, Crown Svo. 7i. flrf. 
Bilii'a EaiaUonB uil Uie Will. Bvo. iSi. 

— lluud and Uorel BdBDin. Crown Bvs. IDi. Sd. 

— Bbibb uid Uie tDtdlwU 8to. ISf. 

SouomiSeld (Lord), TheWil^Hnd 'Wisdom of. Crown Eto. 3i.td. 
Bookai'B (Ttanciei ud anUai, Og Unuailt. Post Bto. )i. M. eooli. 
Btsdile;^ Oennui uid Engllsti Dlotjonary. Post Sto. 7i. M. 
OaiBiiHui'i FncUoal Fteach & SigUBb DIctioDnry. Foat Sro. I(. M. 

— Fockn Freucb and English dotlODBiT. Sqaan IRno. d. U. 
furu^ lAngiugB md liugnsges. Grown Bvo. Gj. 

VrODds's BIjort Btadies on Qren Babiects. 4 Tola, orown 8>a. Hf. 
Granfa (Sir A.) Swrj of tbe CnlTsrsily of Edlnhnrgh. 3 voil Sro. SOi. 
Hobart's MedlcBl Language of St. Lnke. evo. IBi. 
Hbbui^ fcaji, rdJted by Green li Onw. 9 toIi. 8»o. Mi. 

— TiTBtl» on Hmnaa Kiitnre. edited by amm & Orote. S tolb 8*0. S 
[AUiun'a KandlvDk af tbq English Langnag?. Crown Svo. 6t. 

Udd^ 4i Soott'E Qifek.BogUau Luioon. 4ta. Ssi. 

— Abiidgcd Oreek-BngllBbLBitcoii. Square 12mo. 7(. «*. 
l4niginiui'B Pockflt German aod Bnglinh DicUonary. iitna. 6i. 
Ibnola;^ Miact" ~ 



fli WHHng 



jfhM. Crown S* 



LondoD, LONGMANS & CO. 



Qeneral Liiti of New Works, 



MilulbV Olasslnal Qreek LiCerSitaTe, Crown Sis. Vol 

V^ II. Uia Fnue WriUn, U. 64. 
Umud's erHHUTiu at BliKalioB. Fop. Std. U. td. 

lot's CoddUt Pleuurea. Crawn bvo. Si. 

Bft <Mu) LeotoitB on Uh Sojuus of lau^tiuge. J voli 

Omu'i BTenlugi wllti Uis Skeptjcs. 1 tuIk. Eva. 9b. 
Bloli'i DicUUDiu; dC Aomui sod Oreek Aotiqnlljn. Grown 

BOIBCABDUpSSOlfbltll. rop, STCfit, 

Dsfenoa of tbe Eolipee ot Faitb Pop. Ero. 3f . Od. 
Bogota Thaannu oE Bogllib Words sad FhrsKS. Orowu I 
SalttJun'a (Lord) Sonips, or Memnries of toy Etttliei Days. 

lUoDB fKHD ^10 WridjigH Df Lonl Mocautay. C^wn Sti 

xo^a Lotln LlteraCnrB. a volit. gvo- ;43j. 
WLlla If Riddle's Luge lAUa-Bnglla]; Ugtioooj?. <tD. ilt 
WUtt^ CouoUe lAtlu-Baglisli Dictlacu;. 

- JodIot SRident'a Idt-Bug. and Ed 



iDDUT. Sq. iama,lli. 



WilHm'B StndlBs o( Modem Mind to. Bto, ISi. 
Uld Wiidom of the Rer. Sydnef SmlCli, Cro 
is Mytiis ot HeUss, trtuislatal by F. U. Yom 

Tcsge'g EiigliBb.GiKk Leilcoii. Squan tlmo. U 



Oiltlialb 



n] ftad Comfort aixikea from a dtj Fulplt. St. ftd. 

■1 bnyi of ■ CoouKy Panoa. d. bi. 

n TbscKhW It ft OoostTj Puhu. Ttuw aarla, Si. Sd. owA. 

IJOqH, OhnrotatB, uid Moislltiee. Si. Sd. 
uunn Hoon in Tows. b. M. Louni of Mlddls Ago. Bi.M. 
Oui littla Ute. EuBjs CkHualBUir} ud Domeatic. it. id, 
pneeat-day Thoogiite. ai. ti. 

BecnaUoDa of a Comitry Fanon, Three Serla, !i. ed.taoh, 
SeBddeHoMiigionSDiidaTeBjidWHk-Dii^. ii.M. 
BoudAj AlteruDoiia hi tbe Fuiiah Chiuoh ol a Dnlieraily City. Si. » 

ASTRONOMY, METEOROLOGY, GEOGRAPHY, tc, 
I iota. 810. 3I>. Sd. 



imaa'a Hlatorlcal Geography of Eonipi 
Bbd'e Oatlioee si Aitnmomy. equaie 
b JohnRoD'a rictlonary of Geogniphy, 
Mamaoid'sTrenliseoDNatlEiitioii. Ciov 
on'I Woik oa Ibe Mooo. Uedlmn Sro 



r OeDorsl Ehuetteer. Bto. U 



— OUn Woclds Ibidi Oom Ctowa Sro. lOi. Bi 



'B MWD. Crown Sro, lOl, M. 
It. \ii. Sd. 

id TJl Ccowb Bid. Ii. 



Pqil Cnwn Bvo. 
TrasBita of Veana, 8i 
.'■ Bpettnua Analyai^ 
AlraodBalu. Bto.] 
TIm Psbllo Sctiooli AtlBBOf A 



truipjAted by J, & C. Loscll. 
ideal Geography. Imperial Bi 



London, LONGUANS & CO. 



General Lists of New Workt. 

The FnbllD Schools AUu or Moaeni Omgniihy. Imperial Bvd. ti. 
WBbb'B CelestlBl Objeoti toe Conuaoa Telescopee. Crnwa Byo. Si. 

NATURAL HISTORY tt POPULAR SCIENCE, 

AUen'a Flowers and ILoii Fcdigrooa. CrowD Svo. Wii'ilcuta, Ji. 8rJ, 
Anatfi memeuta of Phyila ur KntEiBl Fhilowphr. Otowu Bro. Ui. M, 
~ odt^ Hiciioanrj of SoleQoe, LlteAbon, ab[l Art. a m^. medlom Bvo. Sttt 
Ceoklane and Le Uaont's Gcnmil Byslem of Botany. ImperiBl Bra. 1 
IMxdd'b &Dtfil BiM Life. Oicwn Svo. lUnatrntiaDe, fij. 

us'fi Bionie ImpleliiGiitd ol Great BtiUJn. 8V0, 2ti. 
Quiofa BlemeiiEuy Trutlse od Fhyiks, by Atklnioix. Iiuge arown 

— HUai&l Fhawopby. by Mlduson. Oiowu Syd. 7i, Sd. 
Jere'^BlDiDUiteorMach&iiiEin. OiTjwnB>o.Si. 

— rwnclplua of Mufiisnios. Crown 8™ «j. 
Orore'i OocTclatkm of Fbyelfal Foroo, Bvd, lb. 
HHtwlg'lAsrlal World. Sn.lOi.Sd. PolalWoild. Bid. lOl. M. 

— BBftwultWUvlBgWoiiaara. (to.IOi. ei. 

— SohtemjiEBii 'World. Svo. lOi. ed. Tropical World, Sro 
EBDgheim'l BIi Leutoiea on PhyBlcoI Qeogtsphy. Bro. l«i, 

■^ Frbnnnl WoM of BwIIuirlaDd. S vole. Bvo. lit. 
EelniholtALBJtaieflODScleutlflDfiabject&. 3 Tolfl.cr, 8TO,7'.Bd, e«cl 
Bulla's LecRua on tbeBletoryoIModeni Uualo. Svo. Bf. Sd. 

— Tmultloii Perioil of MuBlcsl HistOQ . Bto.iai.ed. 
ScUai'a laka I>weIllDKs of Bwlu^uliuid, by 'Ue. S vols. royaJ Brc U 
Uoyd'a TisBtlai DD Ungnetlsm. Bvo. IDi.Sd. 



mthcOrtglnQEOiTlUndonAFrlniltiveOorditlcn ot Mu, tn 
[^ Zoology and Uoipbology of Tertebrale Anlmala. BTo. ID*. 6d 
Hlooli' fnidooJ! Life. OrawD Svo, Bi. Od. 

Oibu'b OompantlTO Anutomy uid FhyHlology of tba VorlcbcHite *"'»"■'■ , I 
To. TBI. td. 

Bxpflrimentol Fliyidology. Crown Bvo. Ai. 
PtooUc^ ijglit Bcteuo: tor Leisure Hoon, Bensa, crown Bro, Tj. 3d. euti 
Blven^ Orehud Honae. BiitnenCh Bditlan. Oiowd Bvo. Ei. 
Bon iaalail'i Oulde. Fop, Bio. ti. Sd, 
/I hmlllar HlitoiT of BritdBli Birds, drown Svo. ii. 
Ta^'Ba^ at Soienoe, MenhiuIcB] and PbydoU. 
Ateiey^ Phousnphy, St. td. 
Andcrsui'a (Blr JobB) Btnmgth of UaUriule, 3i. td. 

BaU'iAMrODOiny.B 



Oluetnok^ Fbyalca) Optice, Si. 



ro-UeMloiv;, St 
shia and Trlffoni 



GrUDn'i AI)nhn and frtftonomKiy, Si. Sd, 
JenUn^ Bloccridty and Ma^neUmi, Si, Sd. 
Max^TfU'sT^ieory of Hsat. Si. Gd. 
UsrrlBeld'B Ttehoiial ArtlbmeUa and MaoniBt 
Uaier^ laorgnulc ChemiBtfy. 8i. Sd^ 

LocdoD, LOKQMA^fS & 00. 
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BboUaT^ WmkBbop Apptiuum, 4f. ed. 

Tbaatft Btr u e tuM l ana PhjalolntlCBl Botsay, ei. 

nulpA QnastitUiTe OliemkBl Analjilii. li. U. 



S Tob. pom SvD. lei. 
rural In Aiusica. Ciovu Sea. Ti. i 



iBi^e * I'uJ Woodonti. 
KS. Foab8YD.U>. 
a Vfsnet™. evo, 1( 












ChiuniiaT, ThBOTDllt^ uid Practical. 
ChsmlcalPtiyelca, 16i. Put n. Icngiuila Oliemialry, Mi. PullII. Oigaiilc 
Obetaiatrs, price 3li, Gil. 
Bsjuoldi^ E^Btimental Chemielir, Fop. Sro. : Part,!, li. M. Tan U. 31. Bi- 
nUan-B Fiaotloal ChumliLrj. Sop. Sto. 1i. M. 
Wfttti'B DictloiiBrT of ObcDilsOr. a Tola, medlniu IS70. £1£. 3i. «<f. 

THE F[NE ARTS AND ILLUSTRATED EDITIONS. 
DtoBT'e Arts and Art MunufiictnrM ol Japan. Siiuiro crown 8»o. 31i. td. 
Eanlake's <Ladj) Flva Great Palntere, S vols, crown Sto. 1<U. 
— Holes on th= Eiera Gallorr, Milan. Crown Byo. Si. 
~ Notca on tlie Louvie Gallery. PbtIb. Ctovio Byo. "a. Si 
Hnlme'a Art-Inetructlou rii Kugland. Fcp. Sto-S'- BJ, 
jftnppnw'g Bacred and Le^roidarj Art. s Tola, ^ner? crovn Svo. 
LiBBadB oT tlie Mndonna. 1 vol. 71i, 

— — — SI onnBllc Orders. I vol. Slj. 

— — — Snvlonr. Goruplcwd 1^ Lad; Butlake. 1 voli. tSi. 
LoBgmm'tTlM«Oatheciral?PBdimiedto BtFanl. EqmuBCroiFQSva.llli, 
Mamnlay^ Layi of Anotcnt Rome, lUnBtciLtcd by Bctaarf. Pep. «ta.l[>(. Sil 
Th« Bms, tvith /ci-^ and tbe Arma^, llliutrated b; Weguelln. Crown Svn. Si 
UmD&UTBn'i Lectursfl on Barmonj. 8to. Hi, 

Uoon*! Iriib ]rI«lodl«. WiihlSlFlaieHbi'Il.LCacl^K.A. Eupe-«>7mlSn,l] 

— LiiUBBrnlih,maetmUdbrTaniilel. Bquars Drawn Std. I(U. ed. 
Hsw TcBtament <TLe) ninBtiated irith Woodcnta after Pulntlngs by tbo Early 



Pari on Onek vai Bomim Scnlptoie. Witb !8D IUdhU 
London, L0NSMAN8 & CO. 
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THE USEFUL ARTS, MANUFACTURES, IcC 
BetiBtft Oatechlam of the Stum EngliH. Fcp. Sto. Sf. 

— Bxunplea ol Btaun, Ali, and Gu JSnsflaea. its. TOi. 

— Huulbook ot the Steam BngtiiB. Vep, 9vo. 81. 

— Ba»Dl Improvemaati In tlia Steam Bullae. Jfop. Sm, $1. 

— TreatdBooathoStaiuii BnBioa. 4tftU». 

Bnue^B Bdtlah Nary, with majis DluslnlJapi. 9 Tola, ropal Bra. M). 

Onllay^ Handbook or PrHOiical Tel^rapb]'. ita, 16i^ 

Kutlake'i Hooubold Ta^lo in Funuture. Sm. Squan orows Sto, 111. 

Palfiiaira'iD«BtolInloniuiUDn(or HiiifiiMma. 3 TOla. crown Bto. !1(. «* 

— umaandUUlwork. 1 voL BvD. III. 
GHrnt^ BDOTOleiwlla of Archluotiire. Hta, Ml. td. 

ij OrookM aQd RHOrlg. S Tola. Svo, £4. ISt, 
LODdon'i BnnralapBdla a[ A^Dultnre. 8td. 21i. 

— Garfauing. 8yo. Sli. 
lUtobell'B Manual ol fractloal AsBSiiag. 810. 31i. ti. 
HorthMtl'a Lalhae an£ Toralag. aio. 13i. 

Pajen's IndoBtilal ObomiaDr Bdltfd bj B. B. Paul, FhJ). Sto. ili, 
Plcaaa'a Art ot Feifumeiy. Foorth UdlMan. Sqaan crolm Sto. Ut. 
HsuuetCa Tiaatlie on tbH Matlus SMnm Engine, tlvo, ill. 

«. Ii'. Mines, i Tols. maUam Sm. AT. ^ 
^Ua on AitUotal Maniuut. By Craokea. Svo. 3Ii. 

RELIGIOUS AND MORAL WORKS. 

lie Blghteentli Ooatnry. I toI 



.taLlfeb 



Biahoii Hebar. KUM.tV I 



u BsT. a F. Eden. 
Bealttn^ Canunaal^fy on the m Amelia. Crown Svo. U. 

— Hlaii,i7 of tbe □hiirsh of Knglacd, Pis-Bsfarmaeloii Folod, i 
Bnty'i Eliimeau ol Moralltj. Fcp. Btu. Hi. Sd. 
Bttmaifa (Biabop) Bipoeitlon nt tbe 3» Axticla. Sto. ISl 
Calren'i Wife's Manual. Gcowd Sto. ei. 
ChrimoraUtnL Svo. Si. Bd. 

(MeiMfa Levtniu on cha Fantatenab and th< Uoabite Btoiu, ( 
bun. 0TO«nSTQ.& 
Uoudoi^ Haudlioak ot tito Bible. Poet Sto, Ii. id. 

OonybaanJi Howaoa'a Lite and Letters of SL Paul :— 

^LlbiKj Bdition. wlUi aU the Ortgiuai tUueiraUona, Uapa, LaDdae&ps em | 



Staal, WosdcDta, A 

Btndoit'e EdiUcm, rariiad and 
1 tdL crown in, it. ed. 
Oielghton'a Hlitory ot tbe PaiAoj 1 



Unpn. Plalet, and Woodonu, 
ElUi M Hloatntloaa and Uapa. ' 



Edecebeim's life 1 



iilTlmeaof JeKnsIheMiSGiali. ^ voli. 9' 
London, LONGMANS & CO. 
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BptuBlom, Si. W. FsaUml BplElln. lOi. td. E 
Fmemon, lOi. «d. ThanlotilKiis, Tt. 6i. 
KOoaWE L«tnTa ou tiie Lite or DOC Iiord. gva.l3i. 
— l.DtlqiiitiH Dl Itnul, iFSJulated by aoUf, St 



BwBld'B CbriHt iB 






>3 J. F. 



, BV0.1BI. 



e«pid (The) for the Nttutnntb Denting, tth BcIICIod. Std. lOi. U. 
H(i[*liu'i Ohrlec UiB OonKler. Fsp. BvD. 3i. 6ii. 
JnlcH^ Hsu Uan ud the Btsmsl Lite. Oconn Sto. Si. 

— SaoODd Death Md lbs BntlCatdon of BllTMngB. CrowntTo.Bi.eil. 

— Typea of Oniedi. Orown Bro. 1i. Cd. 

kUiidi'i BIhle SCodln, Pabi L the Fropber^a of B&leun. Svo. lOf. td. 

— — — Pabi n. the BookofJoosh. 8to.1[u. M, 

— HIstorlcss] ud Oittica] OoicniBDtBrr on Uie Old Tvuunent; nltti ■ 
Nev TrsDilHtloii. ToL L Oariu, 8td. IGi. or edspud [or ItaeGeDenil 
tteeder, 13*. Vol. IL £±nfuf, Ibi, or adepled for the Gaienl Badet, Ijj. 
Vol. m. Lctltiau, Put 1. ISi, or Bdfipted tor the Geoeral Header, 
Vol rV. LnUtaa, Fait n. ISi. or adiplol tor the OmiBml Beader, Si. 

Keuy'a Ontllnfs of FrimltiTe Belief. Svo. IBs. 

I-yrB Oermuilca : Bymse tmuelHled by Mlw WIskwDrlb. Fop. Sto, it. 
Mumlng'a Temporal UIssIod dI the Holy QlioEt Cromi Sto. Si. &j. 
'luUiina'aliidBaTiiiuiiltertlieGliiUCiaiiLitB. Crown Sto. Tl. M. 

-~ Bjtimi gl Pral» Bsd Pisyer. Crows Std. 4i. M. S3aa,U.td, 
— BerBiDBB, fionrBof Thought on Baqrrf Thlnge. 3 tdIb. Ti. td. each. 

UQ'a Tbiw EBsaye on Bdigios. Bio. lOi. Si. 

!onseU'a Bplrllii&l Booga (or Bundaje and Holld&yi, Fop.8TD.(>. lSnw.>(. 
:HJler-a (Mm) OriBln & Growth of Bdiglon. Crown Sto. Tt «d. 

— — Solcuce ot Bellglon. Crowo Sto. T>. Sd, 
Kewman'i ApirtoglB pro Vtia BoS- Crown Bvo. Bi. 

SemU'a OilM) Pamiag ThoughM on RellgloD. Pop, Sto. Sa, 6d. 
Proparation for the Holy OomioiuLloti. OSmo. i$. 
Bejmont'a Hebrew Pnalter. Crowo 8to. Si. M, 
Smith') VoTage Bjvl Shipwiwk of St. PsnI. down Gto. 7i. Iii. 
Bopenutsral BeligloD, Complele Bdltdon, a vols, Sto. Mi. 
V^MVaLesBonaoltthBObrletlanBTldeneea. Igmo.M. 
WUte'a Four Ooagieli hi Ortck. wlth&reek-BugllBhLeilcoii. Stmo. Id. 
TRAVELS, VOYAGES, Ac, 
'eBlehlTeuBlDOeylon. CiownETO. ri.Sd: 
BIfle and Honod hi Ceylon. Crown Bvo. 7i. M, 
Ball*) Alpine Qnlde. S Tola.poit Sto, with Maps and ninstnlloiu :— L Walam 
•1ft. Sj. Sd. U. Omlral Alpa. Jl. ed. CI. Baalera Alpa, lOl. M. 
m Alpine TraTdllog, and on the Onlogy ct Out Alpa, li. 
BrlLaaey'e Bnnehine and SCorm In the Bout. Crown Sto, Tf. fl-f. 

— VoysKB In Mio Yaehi 'Sonbism.' Grown Bio. Tj.da. Bchool BdlUon, 
" "" ■ IT BdHlon, 4to. M, 
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Tbe AJidsa Olcb Hap dF BvltsrlADd. In Fit 
nma In Hdtvb;. By Tvo of Them.. Orowi 
Weld"! 3aaei PalmUndi Ctomi ftro. lOi. B 



Svo. ninirtzBUiml, Ci. 



WORKS OF FICTION. 

Oaotar wat HUi'lL By the OountsB son Bothomr. 3 lola. orown Bvo. SIM 



Biatioanw'a (Loni) Hieginiy-PlEgJsly. Crown Bvo. 8j. B 
- — WhlBperr frora PftJry Land. Grown 

see Kdibfon of Novdi and Tal« bj ths Bn ■ ■ ~ 



AUial Bdlilao of etoitw 



nd Tales b; Slln Bemll. Grovn Sm. tdotb a 
A OlimpH of tlu 'Wold. 



AmiHerbirt. OleTeHall. 

Tbe Barl'i Danglittr. i naimuiaii ^mii™ 

Bxpffloaoe of Ltfe. Lanetob ParHnif 

Ofcmide. iTon, I tbrgarpt Psrdinil 

norrii ud Tii>i tar tlia Bart of BaoDnsBald, X.Q. Hn^-bcnden BdlUon, vtU 
FcgnnllSDoStseliinillVlsnetMan Vond. 11 toKctows (hni. £1. M. 
Ik MgdB-n Norulira Ubrary. £«h Work Id cmwn Sio. A Sbutle ▼olBm*. 
tospliM ia ItseU. piloe Di.boarde, etli. M. tdolh :— 



KateCovmliy. 

IfOJ, UlDC. i._. 

be Ymag Duke. Ire, Eobnbj'H 

'-"-in Orey. Enfljr-'- ™ - ,-. — 

By Brrt Hartp. 

^- -lie CirqnJoea ■Woods, By YKriom Writeij. 

MademolHUe Uoif. 
The fSn Sblcn at the TalliTa. 
TheWMden. " — -- 

Noreli and Tales of the &rl ot Beacaniinol<I. E.a. Mndern NtrrelKt'l LIfatWT 

BditioB, complete in 11 toIb. crowa Svo. price £1. Hi. cloth eiB- 
In the Olden Time. By ttie Author o?' Mademoiselle Aforl.' CcownXi 
Menar AgnDlo'a Honseboid. S; Leader gcotC Cnnm Std. Si. 
Thlofcer than Water. By jRinw Payn. S Tola. Sli. 
Tinder Snnny Sllea. By the Anthor ot ' Tlotiort Forrestsr," 3 toIb. 
toLwdeth. By G. :iocl Hatton. StoIb.21i. 



POETRY AND THE DRAMA. 

111. M. 



rj^ ITHtni, a Food. Crown 
dlor'a PamllJ Bhatapeare. Medlom » 
Oiqiliy^ mad of Homer, Bomometrlmlly 



LoDdon, LOKOMAirS fc CO. 



General lilts of ITew Worki, 



Oonlugtoii'i .Sneld of Virgil, traiuilaUid Into Basliah Tetse. 

— Prosa TranalBtion ol Virgll'a Poema. Crown 8' 

Soettae'i Puut, trBnalBtad by Birda. Lurge irown 8to. Mi. 



Crown Sio. >l. 



— — Bdited by Belaa. Cn™BBT0.6f 

Ingdcpw'i Poems, Kow Bdilion. 2 vaU, fop. 8 
UHStU^y'B Laya of AnciQaE Boma, with Itt7 a: 
Tba Bame, Cheap Edition, fop. Sto. li- sewed, Ij. 
Bonlhe/B Fosllcal Woiki. Uedlnin Sto. lU. 

RURAL SPORTS, HORSE AND CATTLE MANAQEMENT, &c. 

Demi Shot (Tbe), by UefkBoum. Crown Sto. lOi.ed. 

TItiwjgTam'i Bonea and Stablea. Bvo. IDs, flj. ' 

Fraaste'BTiwtlseiHiFlahlDglnaUIUBniiDhea. Fiinan.llli, 

BoneiBnd Botdg. By Fiee-Ianoe. Grown 8vo.4i. 

Eowitt'a Vlstta Co Bemukibla Flsoes. Crown 8vo. In. M. 

JcfferlEB' The Bed Doer. CrowQSto. 4j. M, 

HQu'a Hone'i Foot, uid How to Kap it Bonnd. Imperial Sro. 111. U. 

— Plain TnodM on HonB^Bhoelnei Pnt Byo. ll, <d, 

— Bnnada on HoiHe' ^[^etb. PonaTcli. U. 

— Btabln and BUble-PitCliwa. Impedal Btd. ISi. 
Winer'* CoanCry Fleoanisi. Ciawn Bvo. Hi. 
Herile'a Bona and Biding:. Crown 8vd. fir, 
Bonalds'a n^-iRehei'B Bntomolc^. Sto. Hi. 
Bted'>DlK»egDlChaOi,aUtuiDalDf BoTlnePitholOCT. §vo. 111. 
aUmaheDge'B Dog In Health and Diseue. Squre ciowii Svo. ti. td. 

— Oisyhonnd. Bqnare crown Bvo. Ifij, 
Wllcooks'B BeB-Plihacman. F«t Svo. Iti, td, 
XooatCa Work on tbe Cog. 8ro. 6i. 



WORKS OF UTILITY AND GENERAL INFORMATION. 



Black's Pnotioal Treatise on Brewing, svd. IOj. td, 
Bnokton'i Food and Home Cookery. Crown Sto, 3j. 6d 
Children, Fcp. 8' 



Bnll'e Hlnta lo Uothers on tbe ManagEmBot of tbeii Hmllh daring the Period ot 
Piegnanoy and in the Lylng.tu Boron. Fr^ tiTO, li, td. 

Oamiibsll-Walker'a Oorreot Card, or How to Flay at WblBt. Fop, Sto. Si. «a 
Johnian'B(W.A:J.H.}Pateottw-9U«iiiiiI, PoorOi Billtlon. 8io. IDi, «tt, 

— — Tho Patents ITwIgas So. Act. 18a3. Fop, 8to. li. 

Longman's Ches Opening!, Fcp. Sro. ii, ad. 
Mwdeod'i Ekmsils of Banking. FoniCh EdlKLoa, Crown Sva, Bi. 

— IDeineutii ol Boonomice. I lols. email orown Iro. ToL. I. It. M. 

— Theory and Practice of BsnkUig, 2tdU.Svo, VoL 1. 13i. 

LoDdoD, LOSaiSASS Sc CO. 



I 



12 Oeaeral Liiti of New Worki. 

tfOollDali'iDIolIODary at Comment udCoiDinerraiaKsTlgBtloii. gTO, CIt. 
■mndK^ EUtignpliliBl Tmaarj. Ftp. Sro. 8i. 

— Htotoriail TrBMorj. Fini- *">- <■■ 

— BdiiDtdfla uid Lltaruy TtHiaxr;. Fcp. Sro. Gl 

— Tnunr; ot BIbIa Kuawledee, ediCal by Ajn. Fop. ara. gf. 

— Tnasnry oT Botany, adlted bf Lladlor & Kdor. Two Psrli, Ita. 

— TramuT Cff Qoogmpby. Fqi. 8vo. Of. 

— Tnuoi; of KDOwledge uid Librroy of Referorun, Fcp. 8to- 64. 

— n««iuy of Nitnril Hhtmy. Fop. Svo, «i. 

Fiwtpjv^ CompnbBufTfl Spodfler ; BoIldl&ff-ArtlflQerfl* Work. Crown Bro. 4L^ 
PoVi Tbeorr oC ttaa Uodna Soinitiaa Ovne of WliM. Fcp. Sto. Si. M. 

B«7e'B Ooofcefy and HoaaekBBpbig. Ciowa 8yo. Is, ai 

Boott'A Farm Valnar. Crown Bvo. Cj. 

Smlta'B Haodbooli for UidwIIQa. Crown Std. Sj. 

Thi OaMaet lAwysr, a Papnlu DIgen of Ub I«wb ot Bnglnod. Fop. Svo. h. , 

Til!ooiiArtiilcMMaaurc3,brCrooke9. Svn. !li. 

TDUOli'i Popular Tabliia. by Uarriolt. Crown Sto. lOt. 

MUSICAL WORKS BV JOHN HULLAH, LL.O. 

Hullih'BlletliDdDt Teaching SiDjtIiiK. CrowaSra. ii.M, 

Bxaidan ud Flgona in tbe aune. Orown Sto. Ii. uwei, oi l>. Dd. limp id 

or 1 Purta, Bd. aacb sewed, or gd. each Ump Dioth. 
Luge SliHiB. oDDtalalog Ibe 'BxemlBCB and Hinnt In Hnllall'3 HMhod,' I 

FiTe Parcell ot Blgbt Bboeta each, piloe tti. taah. 
Ctuonutla Beate, with the Inaeoled SyHabm, on lArge Sheet, li, M. 
Otrd of ClUDniathi Scale. Id. 
Qismmar of Mniloiil Harmony. Royal Sto. price Si. sewed nod *i. Bd. cloth ; 

Orammac of Ckninterpolut. Part 1. saper-royal Kvo. Tt. 6d. 

WUhem'! Hinoiil of Slngliig. Fark J. kn.3i.Bd. each or togsUur, ti. 

BieniiiM and Flgorw oontalned In Paite L and n. of WUbein'i MannM. Boa 

lATge t^hflste,Nofl.l toSfOonCalning then^nrce In Part I.d WilOBm^i HAnm 

in a Psrcal, Si. 
Isrgo abaeta, Soi. « to 49. oont^nlng Qia Bierdse!! In Fart L of niUwBI 

Uonaal, In Four ParoalA of Blgbt Noa. eaoh, per Parcel, Bi. 
Large Sbeote, Noa, 41 to It, oontHlnlng tbe FIgnrei ia Fait IL In 1 Puoal, >i. 
Hymna tot tbe Toong, Kt lo MdbIo. Hoyal Sto. Sd. sowed, or Ih (d. eloth, 
Xntant Qobool Bongi. Bd. 
notation, the Moafcal alphabet. Cromi Sto. Bd. 
Old Bngliib Bonge tor Schml'. Hai7DoalF<ed. id, 
RndinlBntsof MnricalOmioniar, Royal Sto. Bt. 

AShortTreattaeonlboBlaTO. it. 

Leotnres on tbe HlitoiT Df llodem UokIo. Bvo. Si . M. 

Iisotoiffl on the Transition Patiod of Masloal Hfatory. 8T0. lOi, td. 



. I Ixmdon, L0SQMAN3 & CO. 



J 



